Astro nomieu.5 Symbols (Contractions dp p, rri)u a, A, fi t k t are also 
uaod na inferior indices to Other symbols 


a Sight AaouHtan 
ft Latitude. {reWtiah goocont.) 
g D tt'linfititili, + N P -& 
c ObUq iiitv of Ecliptic 
^ Sidopoal time: S, u mui auflnifLi 
k LulLifituJo^rtl&ltiAl, gfeOCfcnM 
A, WiTibjeagth, in AjigsUrurn* 
-O’OUO. \m t l turn.tp.Si} 
Proper motion (total azuuaif}: 
Ettvtitrie iuotnaly for £). 
f* Micron, - 1/IUDUtti. tutu. 

\= 

^l/milfinuth mru. - MO 
v Frequency 

it Fnrailaa* annsntlp So "; Loug- 

itiLiJij of parLbtslian (also fi) 

p Terrestrial r-adiu* 

<£ Geographical Utttode ; +N,j 
iff OirtMAlrfeh AngloarbDH 
liu = eeceulrk'tt; 

£ Attitude of N. Pole 
X Iotii&ation potential 

*> Aao r nDde^I«rLhc]n-in angle 
*r Longitude of perihelion 
d rjifltnuee fr, Earthy in A, C.j 
Difference 

S (<sr[ ]) KvrnbiJ of summation 
If Lougitilde uf aaecndijig node 
A Albedo: AmplitLiila (variable 
A av Az AdumEii j[tfcafs) 

VJ. Colour iod« 
e, jk m. Common Proper Motion 
It HiaiDctor 

E Equation of time; Ewsentrti: 

nnuiutljf j Dolour uii-ou 
Q GrartiatiiHJal Constant 
U Qtr ? Hour abglit 

ILL Hwt Tudra 
/ Intensity 

£ Goograph. InDgitudCt + W, 

* With mteranw to th* Sen. 


M Magnitude, nWtita (indie**, 
p, ivfj: Moan anomaly 
P Period (orbital) 
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A 1 HflinioLiin: Sun*Earth, dim, 
3 Solar constant 
T Time of jmribtslioli |>U5*iigt] or 
transit: Tomperatura, 

T f effective; T r oolour. 

V ,; T, H\ Velocity* radial (ra 
coding .|. ) r tangwtial,«pataaL 
X„ Fi, Z liDataugulnr co-ordinate* 
a Semi-major ana of Ellipw 
h Semi-minor axis ; Holier 
oeutrio latitude ; 
Galactic latitude 
d Diataftccp ih aocfflldacfftpe 
c Ecootltrfd ty of orbit 
3 Aoeclonitiou due to gravity 
A Altitude 

l Inclination of plane of orbit 
t Gaunaiaugritvitatipnonnatant 
l Heltoceidrio lt>ngHud« ; Gal¬ 
actic longitude 
m Magnitude, apparent 

■; Indiras, m +.. ft -, Ac-, >*p. *Tt> 
m Mssi!, Subal 
n Mean aujiulftr ration (nr ji) 
fi Annual precession (getienl) 
p Potion angle, •0 , ‘-3ti0' (p. 5)} 
equal. hdriasanfcuJ paraJlaa 
y PenheLiOn dihtftOO? 
r Radius vot^jr, in AXU; 

1 >Lh tam^: in psnsua 
t Time of olmervatLnii; Hr. augte 
f m „ mean; L True timot 
r, ,H of EptHcli 
* True fttionialj 
a Zenith diatanco (apparent) 

+ >'rum Mean p? Trt™ anJJidfht 


fflr m. c*mnl(rW llat of *jmboli adopted bjf tH* I n tflrflfltioiyil 
AltntnpmiPal Urttsn, rtftc t 4 tl*B timJiaadiOn* Vt th* LtU., 
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Preface 


Tan first Edition of this Atlas was published in the year 1910. The work wo* primarily designed fop those amateur 
telescopisU wheisc instruments are mounted either on ait-smimuh stands or na equatorial* without graduated 
eirelen. It was also iuUmded to bo used as a companion to Webb’s invaluable “Celestial Object* for Common 
Teleacojwi^" and Smyth'* admirable “Cycle of Celestial Object*,” both now out of print, and unobtainable except in 
astronomical libraries. Practically all the object* contained in the latest editions of these t *0 work 5 , down m? and 
including stars of the seventh magnitude, are shown in the maps, also several fainter objects of particular interest. 

Owing lo the plan and arrangement of the map!?, and also on account of the large overlap, a view of about one- 
fifth of the entire- heavens is shown on one folio, and no constellation is inconveniently broken up, The distortion 
U slight onmidering the large area represented, Altogether the chart* indicate the petition* of over fly4QG star# 
and 600 nebula'. Bright variable and red stars are indicated by a small tr v p and -f » 3 ' respectively, but double 
stars could not be similarly lettered without sacrificing the elenmcsa of the maps- For partiqnlare of these object*, 
referenca should bo mode to the lists on the back of the map* and to “Webb" and “Smyth.” 

Thu underlying idea lioa boon. to furnish both the amateur observer and the general readur with a reference 
book to which be dan turn for an explanation of unfamiliar term * ^observational terminology especially being very 
inadequately dealt with in textbooks. These explanations are necessarily much compraraad, but it is huped they 
are sufficiently complete for the required purpose. Source# of fuller information are often givem 

The Constellation Itoundiirtea tiacd are those prepared by Mo ns, B, Delporto, and adopted by thn International 
Astronomical Union in 1930. The epoch of Mon*. Del ported boundaries is 1075, and by 1950 the change of their 
position* in R A. and Dec,, due to 75 years of precession, U appreciable. With nfeepect tn the stare thorn selves the 
positions of the boundaries always remain unaltered. 

The 9th and subsequent editions contain completely re-drawn charts for the n*w standard epoch I960. The 
Index Map and Galactic Charts which, having KA. and Dec. line* as well as galactic co-ordinated, will bo LieEpful 
id galactic studies, These are still based on the pre-1959 system nf Galactic pgordinate*, as not only were the maps 
reprinted only a week before the Moscow announcement, of the impending change of basis, but the major changes 
that would be involved in their can version lo the new hueis could not bo done at abort notice. 

All the main features of the 19S0 epoch maps have been retained, but with certain alterations;— 

(a) Stars from the Revised Harvard Photometry down to magnitude 6 35 have been charted. In the original edition 
of this work, the star pkuca were taken mainly from Hwusau's M Uranmmrtrle GfoAtala. 11 A curefkl oomparison 
of the magnitude* of Hamsun's fainter naked-eye stars with the isatnc Store included ill the H,H. and its Supple, 
mcint, showed that many wf his stars UTU placed at It lower, muueEimen a much lower magnitude than 6-36 OH the 
Harvard scalfl. Such stars have row generally been omitted. On tile Other bond, many Harvard etnra, not in 
IlouzoiLii, have beeu inserted, a* well a* several Additional double atare frem various sourcea 
ffi) All nebula, except these of Meenierand those classed by Hcrnchcl .W p. 55), have now received the N.G C, number*, 
(c) Variable stare which reach at their maximum brightness the fith or 7th magnitude, have been indicated in the maps 
by small circles- 

fd) Thu Galactic Equator and Poles now adopted are those recommend rri by the International Astronomical Union* 
prior to the IB06 Asectubly, and differ slightly in position from those which have apjJBared in the earlier map*. 

Tho Milky Way is in many places extremely dimplex, varying much in brightness, with cloudy wisp* of light, dark 
spaces and dark winding lanes No single-tint representation, such (W ifl U*d in this atlas, can satisfactorily 
represent it } but the outline of Proctor hoe been followed, for it dons at ioaat indicate the general position of the 
Milky Way and also suggests its cotaploiity- 

(#} The Abbreviation List printed in the margin* of the 192(1 maps was tHwaalktjfy limited, It has been superseded 
by the wtnplete List of Abbreviation* given on page 55, preceding the charts. 

■! /) This Fourteenth Edition eon tain* the new definition of Galactic Longitude and the new hnais of the coanlinato 
system, os well as the re vised position of the north galactic [xilo, a* de^nTtiuod by a CamroU»Lo-n set up by the 
I.1U. Aanembly, Iff'&S* by the courtesy of, and from information kindly Huppliod by Dr. J. L. PtWftCy. 

Mr. Arthur P. Norton died In l&5\ and M-verel change* mad* »n tbs surawtio® of Dr. E, A. Baker, F.ILS.E., late of the 
Royal Observatory, Edinburgh, have h*eu included in editions published subfrcqurnt to tbftt data. Dr. Taker has rewritten 
p. vi, and supplied new Twites and oorreutkffl*, sa well OB tbe bhert notfl relsth-B to Kadio AitroiKUny cm p, 13. 


EnufBuiujn, 
April, tfl5Sb 
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Major, m: Mnmr . . #t 

Nntrai oti .... 32-3& 
OWving, *1 ; (kbit* of . 32 

Pert *!», Q, 32 1 Eadinliinin , 3? 

Spectra; Soperkr ■ ■ W 

Rymbola . * ■ ■ 

'feimpcTatiire . . Si 

Trojim Qnviip . • . 3& 

PlinelTMy Welsulw - ■ 18. 1®, 42 

P]aJ«Ui!>(P‘a(ilii(? , * , 4 

PlwkdUk $, t*r . . * 30 

Piemdw (kUm- ciEuiturl, IJ . . M"P $ 

ft trio „ S 3 , Si 

PoliriiL or Jktf Star 4 . Map 2 

Polo .1 C«kaM4,2 1 Ecliptic, 2i Qalwetic, ID 
P-ornr, Sular - - . . W 

Pi'Mfi tiuti Angie, mefliiuigof, S, &, 2S, SI* 
P«ilrrin , , , US 

Pmsoefus (slur cluster); 11 , , Jfcp 7 

tW?mliii.|r, North, &; Strntbt meuuEiiF of, 30 
PmxwLkwif vi fl j. of tits' Bqiiijirjieu S 
Tshk ot xv 

Ptlmarr . . * . D, 7 

Prime Vet deal, liehnlticiQ erf , 4 

Frraiyon B . . - .17 

FrWti Retires, Solar, 27; liow to w# 40 
Proper Motion, li, vi j 8tar» wiib grrat, 1 & 
PttltMM t 23 

Proainut CnntuHri , . . 14, 17 

PMnirln Coplteul^tur* . , 12 

Furkinio ElJwt . . 42 

Qiia4n*Uire of I'knet*, kc, - * 


QjiMfloui, triianLfc . „ , 24 

Ru.luvl Mot™ rvod VeliKstiy , vi, IS 

llftrluyitPoint uf metMrBtutWef^.ld i LiitjiA 
BmUation: 'plnnct*ry T && 1 -p«anir# K1 
lUrtcmAttronou-jj . . ,13 

Radlas Vector r , . 6 

JUj'". a-, p.y. cathode; Hates ultimEJN 2 ^ 
Rmoeaion, ntcaoing of • . S 

BtrfnwtEun, 7 s Tahk m 

Reimttm.lt plaiidt . . c\b 

Itewau. Solar. S^t. , . ,27 

Read duals . . » » i* 

Rnsoived, defiaitiiJti of . .11 

Re trt>gT*dB aroUoit.fi ;rctmgrad»ljiiiai , toa,l 1 
Krvnrdiig layer . - 27,23 

Right AhhuMb, S. at 5 040- to d a.m. *W 
„ Cbnvirr»iiin into Begrms* . 43 

Rlngo, A’-, Z-, H , 24 

(tnniih Letlert Ln tipnt'tc lUn, nrljfin 1 
Ramtiand Term of LJaLaiy . 10 

Hoioficm. nyiiiRiie. nidtrrnd 9,13-5; atari, 21 
Hitsscil I'lRprtut . , I 0 

S*lxa KJfcct . * 

Saroi Cjck * » - 8 

iuiturts. - , vill, 8 S r S4 

Sralet of Miuttutmk, Hartnard, fee... Ifi 
Rcrtcttl ; vraier quarts. flitcmU" 

Sfreehi 1 * Star Tvp=i 
hrorulaj- A«*laration, d ; Period* . 
BeJeetml Arew, Kapleynk . 

Salcimgrapkiic klilodc A liincRtwIa 
tioniibJy, AatTtrtuWdi*!. ni wuiiiig trf 
N. Polar, 1 ft |. Main 
KluvrUiw. «r utobra, in erlipaei . 

ftW.n'W BaUriN . - . at 

S limiting Star* Httetem*! . - 39, 45 

^idtraiiEi MMwb t Q,» 2 ; -Tbrn,^ Tabltaiv 
SiKBi of the SCudiJio, 3 i Srmlmli ditto, tri 
'StmU' and ' Siriftit-inilar ’ 
airioamtsf i f 
Solar , Rtm : 

Rflily’i Bead* 

Cauatant, Corcraa 
EolipKa , 

FlCW, 29 '. fl'xvtjli 
Mogitatk Pok 

UbrtrvinE, 40; Prjtwluaneas 
Riling and Retllng at . 

Rotatkm, 2 d 5 Rpoti 
Sfeldot. Table of. 

Tduparottird , , 

Solalimoi, ffkktitial Col urn, Point* 
SmitbjDg, mdOning of 
gpoctm, AlattiriJlinn 
Band. Emiiaion. Untad 
Notatirm , . i 

Spectroacopic magtiRudeH . ti 

Spoctrw’jiifiy 22 ; qIja, of prrrttthwnet« 40 

Rpert rum, Scar ela-piflen by 18-1 &; Flwb 27 
Sqnarci!, Method of Li»»l - 1* 

Brut. Stank. Stellar: 

Un.yer and Jafailla letter* 94 

Binary, Id, 11 ; alao LuU. Map* t-JC 

BrigtlUft) Lilt of . . SS 

Brii'h.tniM*, 18-17; Table of _ % 

Cataloppiiji . + , vi, ti£ 

(Tharta * . . n 

Chart*, Why I bey get, oot of data fi 

CkeuiupoJiir , . . 3 

ClansiftisttiMi by ipwim - - 1-6 

Clock or FaodamantaJ , . 7 

Clcnda . . . FI 

nuatem 11T alit> Lilli c>f. Hhjm J DJ 
Ckloun, ► - * p IS 

Cotmti ■ * * . vj 

TkniRka .... 20 

DEimftcn . . . SI 

Dkuneaa . . ♦ W 

Double, Triple, fee. 11; Litii. JT.ijw 1-16 
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27 

S7 
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37 

27 

ad, itii 
39, 27 
32 
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3,n a 
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23 

23 
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Drift 

Dwirf 

iUrly xrul Laic Type 
Ellepiirfdad Variable* 
Fain in t vtiibls . 
Fixed . . 


Star, Slai- 1 , Stallar—Cs»fiVt«d 

Elamsteml Numtwn , 54 

Gaugd , - . - vi 

Qunl rub-, nper . . SO-fi) 

Oruopa , , . .11 

Lurid, definition of , - 18 

Magnitude*, 19 f jUtf«/ . A 

M was - . . * SO, 22 

Nuinrj, Liti tf , .52 

KearnuL ilToiitn* Canlauri) • 14 

. .03 

Now (No»m] . . , IS. ii 

Nutuetiidal ujc , . , 1, ft. 

1'in.ltax, 14 ; Table uf . viii 

Phdtograjjlu . 11, 10, 0 

Ratio, , . . , If 

TlEiibg and Betting of . . arr, 2 

Rotataun , , , .21 

Sphere . , , « ! 

Straamiag, and Vertlcea . . 16 

TamporaLuim SI ; Twinkling . 3ft 

Tjpct. ur dawns . - vi, la-lft 

Variable, xi, J2, 42 ; CUervmg. +2 

„ iuU a/, , Jfoyn i ts 

Valocitlaa . . IS, 31,22 

VblUe and ittflWljle fttioi any place 2 
Stellar, toe 5tar 

Storm*, Haguctk , . . 27, 30 

Butt, see Meltr 

iAnrface; ^Pri^litnewr. Ifl; nrf phmaU 90 
Syiubolfl ik »lilireria1.|i>rjai A*U-t»n. vii, *vi 

., xrr tdttr fiiriiry /pi&tll ©frf f.r 

Synodic Period* , , fl, 32-34 

Byatcqi: Sutnr 82; Stellar, or OaSactk, 10 
Syaygy, definitka - . 5 

Tangential Mot km and Velmrity . lfi 

Tel«*n:ii“e». 44 Cart rrf, and Cleaning 43 
Adjtialutau (Li . . . £0 

Equatorial Hfc*d * . .El 

Hiriint 47 : Sianik . 40-41* 

Magnifying Iwwor, 4<u, Ond 46 

Separating p*ww *f, 44, 40i Tealafcr 48 
Teiluric Limp , . 

T-ewwHfaturc, Abeolota, £4,31; Table*, xi 
af Star*, 19-31; Bun, 27 j Planet* 0& 
Teuifiurury Blari, w Novb - . 12, i* 

Terminator, Mnotia . JiS, SB, 31 

Tlife-intffrt'al . . - ^ 0 

Time, voriruH fcintii, 9; Equation of *ii, 9 
Trqweentrwr ... * 

Tmmwi.-, up]jr?-ami lower . * S 

Ti-ainut* 3 | r,f Merj;iiry and Venus 3, 37,42 
of Jupiter* ■atcllirea . A4 

Transition* {atomic) . ■ 24 

Tropic, definilioa ot 8 

True, definition of ... 7 

Twilight, 84; duratiem of, iiv 

TwinllLcig of Slura, Sft; of Planet* 32, S3 
rUimate line* in Rpuctmta - S5 

l 1 Lira Jicptuniaji Flawt* , . S5 

Umbra, In «Jlpao*. 37 ; In aunaputa 26 
Unit; AatroDoonnl Unit Dklance H 

Univcivefl, I'land . .13 

Lfronu*. and nswxn*, ft* r luairnltud*. 17,32 
Van Maanen'* Star , 

Variable SLJirfi, txpwof , . 12 

Veluciliw, Badkf, Ac. 16 : Star . 21 

Veludity ef Eacapc , , 24, viif 

Vcotta, ftft; -GbairvinR; . - *1 

YWtei uf Stin, Moon, surl ptoBcha 8, 5 
Vmfeal, PriUJe, deEinitkn of , 4 

Veata , . , „ 8S 

Walled Plain. . . . 2S. 30 

Wa^r letitstJiH, varinan, Jfil; lung, abrirl 24 
wI'kti [., of nhaerfatiiMUS . . 14, Si 

Whit* Dwarf* . . , ®0, SI 

Wilwin Effeta . . . £0 

Wd|f-Ram Btnra, IS, 13, 101 band* 42 

Weir* Sunii|»t >'ia . , 27 

Veora, VaniMia kind* rf . 8 

Ze*m*n Effect , ■ ■ 73 

Zwo-itb ■ - - < 

Ken<Ktraphk Lnt. Jr lotip, jSerr'cetofric 4 
SJotliui:. 3: Kymbol* and Pigna . m 

Zodiacal Light and Zodijacat Bnrul. 3C.41 
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ASTtiOflOMCAL CATALOGUES, CHARTS, *tc, 

STANDARD SOURCES OF REFERENCE. 

(Fur aattttMefetant pee p vii). 

With the piMSgraea of astronomy the standard rtferende Mitirm tntoM below may at any time be gupeiBt'drd mud 
new recognised eon trautions appear, Such changes are forecast in the triennial Tr. J.A.U, r a inert eonuLae 
of advances in astronomy la given in the Jrtnuti/ Jiapvrt, Bt.N.E.A.S. (A'eirwary). 

Bibliography-—Su'ornarlfn of astronomical publications are given in Pfiptirt AUl^acU (fnrmerJy StfHJiws Abstraris'}- (from 
IS99)^ Hulletin AsfronQruhjW (from 18A4); and AtUtinomUcke JahrnlKticfU (from The lost named continues the 

mimmareea in V.J.S. (front Ibllfi). For publiiiatioils prior to 16&2 UnlLZEBuk Tode mwiijn tTastronomic fa useful, Very surly 
worlcn an.’ NUEHotitneiS referred to by their numbers in L.lI ili ide'fl BibHagraphit Aslmnimfyu* (lflOO). 

Star Petitions,—Cttologuss of the positiona of stare may lie divided into («) Star Lists or Durehmttttorvtiipn, like the B.D , 
the O.D. and the C.P.D., norviug purely for identification ■ (A) Jjaiulugucs formed from bhRurvatirms near a single epoch, e.g„ 
[Im'A- 0. (or iG,K.L) aud th« JtZ.; and (o> Otmarol Catalogues, formed from obaervaLion-t extending over many Joowicn, giving 
both predtionfl and proper motion*, as this tj.C. and tbo A.G.K..2L From Ih40 positimi* and proper motions have Vneou referred 
tu the ays tom of the F [i 3 —th'J apparent plusau of the F.K, It ntara uro puhli.tli.uii annually in Apparent Plant* af FitTufamnTiial 
Start- Skinny of tb-am plntes also appear in the various national ejih$mHriUes- This ftmthmwital ayatmi may soon 1* replaced. 

Proper Motions. Those given in General Oats I oguos are enlloeted to iillfi in the E.B.L. A CatalvffH* of Stan \ tith Profit 
Jtoiianx ftxceodmg per annum was published at Lund in 1 955, 

Magnitudes and Colours —Tha standard Abort k Polar Srqae. am (photo; visual and photographic magnitudes '1LA_ 70) lire 
known to bo appreciably in orrer. Proposed inhnm values are given in Trl.A.G., ti, 375, IE>f>£ 

Spectral Types. - The ltr«|H:r djkj«i£cn.tion (p. til; bon luvn duveluj<ed Jarthcr At the Yorkes OhacrvatoTy. The stui idsrd 
spectra are given as photographic illustrations jin nn* Altars litf Ifbrgaitjjitritfm find AVHfritrw nnd do not lend tboraselves tn 
verbal dcqaHpliocu A system rtf olasslfloatiw ha» olw been d-ovfllqped nt i>.A.O. bfl-wet cc the measured Htnsngths rvf Eoi^ctod 
litwMf and in referred tn ae tbo Vtoturk nyntem. 

Trigonometrical ParaJlanes. Ynlo (7fflerci2 Ctitalotfut of Tripouawteinaii Aftdlai' Parallttivt, i$St, 

Absolute Magnitudes and Spectroscopic Magnitudes. The Yerkw and Yictoria B|iectjra3 types givn eatimiitud aittoluto 
uuigm tudosj and htmrtft, with aw alipwainje fur the abW^rpUnn of light in jejneco. the oorraaponding aptsctroBcnpit': jwaltaxes* 

also pp. tJ, 17. 

Radial Velocities. — tVilacnE 1 * ^nmi l Calatagva of Rvdixth FrfvnfrV#, I ML W. PapwTK, ft, IlihS.) 

Doahle Stars.—Tim A.LtH. and the S.13.S, are likely to bo replaced by a gEnoml catologuo kred on the card ceLelr^up^ of 
double stare at tbo Link and .luhanuosbun; Obsemtoriofl, Moore and Xouhauer'n Fifth Cattily #tw cj SpcctroKvpd ftintiriw 
(19471 ria 9im likely to be replaced shortly by a Kirth Cataloguo in preparation at tiA.0 

Variable Store,—K. altar kin and Pnrenago 1 ! Gfn&rul Citiaictpii af Variahh Start, 13$$ i* beiiiif kept to da to by tlse i»nc 
of ALippirnnonts. Sclxlioltord G4*chitM« Wtd LUttnaitur dtr Vercindtrlitlu? n ^imu give# refnmoees to nlstmtioha With tbo 
introduction of phoboolontriu: mntbnda, work on relfpiing kinvnes is progres»lng mpully, and reference must lie made to the 
reports of Cominiiision +S of the LA-l'- 

Nebnlm and Clusters.—The most prominent are Ihtted in X.O.C., unppieinenfcad by 1,0. [I A II). 

Plan of Selected Areas.—Lnformatinn abaat tho fjilntcr ^tAms ls ohbainod by taking flairrplra, a pirwen begun by Sir W. 
Renobd in bi* Star- Qtn#aa (Star Counta;, Kaptoyii'a /inn of Stf-tcied A moo comprises n %rirmcri«* Pffin of Uniformly 
distributori areas, and a Special Mtm of areafl soleutod to cover ijmwual atar diitribution*. The chief publications are JlhtrrA- 
mwttenliUf fifth* %itrinffllic ffcketoti draw (H.A. lfiUlOS) ; /JdfrcAimHntrrwny of fAe Rpeaial Arm* (Kaptnyn Laboratory, IhBt); 
Ml, Wilson OmatogM af Photographic Ma^nkuditS in Sd.tnit*d Ar«nx 1-139; S&acthol.m. Catalogn* of /Af JfrttcUtt Awu r, giving 
mafidtadeia and uoloum ; and the fltiy/’iforfur (Nortb-erq Areauj) and (Stflllbora Arotts) Sprit ml Utirchmuottriin# giving 

spectral, tyiwa 

Stellar Wavtlcairths.—MnrrlH's Linn vf tkr- Chmdtxd EUmrtiU in AltrotUmirxll Spectfa, Waabingur t 195(1, 


Star Charts- 


Visual J 



Photnffraphui 



Limit Luf 

MttUTVltL^ll^ 

Seals 

CTlbL./ckg-, 

Epoch 

Limiting 

Hajceitwlfl 

Sc&le 

E[hxh 

Norton 

95 

m 

1950 

Carte du, Ciul 14 

ISO 

1600 

Beeror 

T’5 

7& 

1D50 

Franklin-Adams 19 

15 

1600 

Bonn 

flu 

HO 

IfUfi 

Wolf. Pali** 16 

37 

187(5- 

Cordoba 

&& 

SO 

]S7r, 

Pnlomur (red) £0 

do, (blue) 21 

54 

1650 

Hagsri 

14U 

Iflfl 

iaoo 

54 

IS3C 


Tbo charts by Norton, Bfjevar nnd Franklin ■ Arinina wver the whole airy. Tbo Bonn oh ark cover the Northern hcmiephere, 
tbo CnrdolhA Charts from — SIT to the Smith IVLo, and the NAtmruil Geographic InstiLuto-Psinmar Sky Survey charts from the 
North Polo to -STL The Carte du Ciot (Astregraphit: Chart) woh intendvd to cov^r Uto whnleaky but U inwiupTcto, Hagisti''B 
Atlas Stollartim Vambilimn is dosignnd for visual observations of uelootod variable itara. The Wolf-Paliea. Charts are uf 210 
galactic areas. 

The Solar System, — Fur the sources of tha sulor, lunar nnd planetary putritimiH jyid wirhw? co-urdiniLtoa the flipkuAtory 
niftttur of it emtio bid animal sphoracris such tws tbo N.A, or A_E. Hiionld be coiujullcd, 

Solftt Spectrum.—A Ft'- revision or liarlvndt To We nf solar Wavelengths is in prejyirati->ro Photometric Ail-tutu —M insert, 
Mold ore and Houtgaat (Utrecht), M*3ai!-fi>577i : MeMatb-RuhtwL, USdQS-xafSidi j Migwtteaud otlioni (Boc. Btiy. Liryt]i, 2a-2a-?A- 

Lunar Sarfac*. —Xo./ned Luna/- Formattnm (Miillcr »n>j BlagK). A recent map is that of Wilkins and Moore. 

Planetary Surfaces,—ties U.A.A. MflCOO. and Imports of thft Planetarv Sccticraa 

Come tv—Yu m aunt to 1 a. Geo nnd Uitulo*pvt af Co me it (with suppkuaonts). Swings and EiaePs Adu of 
Comttary Spoctr^t, 

Minor Planets.— Antiwil Eph#mrr\dtii by tha institute oT Thforaticikl Astronomy, LeniugnuL (English translation of the 
Hussion Test by Minor Planet Contre^ Cincinnati,) 
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Astro mom leal Soeiat Les, Publ I cations. (to. —Con trjwtbtw commonly uned. S tamiard contractions t 
For a list of OdlCtnl Cvntn^ticini, mid those for PlaoM-i ■« Tnha I.A.U. 10S& 

Pnhlieatitm^ or Society. 


f\l 

b now being prepared. 
Gmrrtil. 


A.G. 

AJ. 

AN. 

Ap.J. 

A, &P. 

B. 

B.A. 


A.A.S. Am«lcun Asfcronumiuul Society. 
AA_Y,i5.U. AmertcKI Ajsamhatiun of Yarisblo Star 

A. E. Americao Ephcmcri*. [Observers. 

Aatrononnijcbe GeaeUschAft 
Astronomical JoumaL 
AoU^norntechfl Nsahrichton. 

Astrophysics] Journal. 

AjiLroriomLcat Society of the Pacific, 

Bulletin (Profited ) r 
British Association. 

Bulletin AstrunlmiUjILO. 

British AutFuiiomiCttl Aa« notation. 

B, AiN- Bulletin of tho AaLinst, of tho Netherlands 

B. J. BurLitmr JalirUtteh. 

BJJJLF. Bulletin da In Sttcidto Astronomi^nc d-e 
GO, Cincinnati Observatory, [France. 

C. A. Cumptea Rendus (Paria Ai»d. Scienpes]. 

C-T- Coniiai aanniis des Temps. 

IF A O. i tominion Astropbynienl Observ.* Victoria, 
O.O, Dominion Obwurvjitory (Ottawa^ [1LC. 

E.B. Encyclopedia Brittaimica. 

EJkL lingiifth ftledaanic. 


Puhtiattion^ or Society, 

U, A. Harvard Observatory Antitln. 

H.B. Harvard Bulletin. 

ILC. Harvard Ci rcutw (Harv, CL)l 

JLC.G. Harvard CoLiega Observatory, 

[,A,U, ( LUAi U-LA, Internist. Astrori. Onion. 

J. Journal. (jtrtifliwl to Society ndunc.ihU J.B.A.A). 

J, 0. Journal den Olwftrvatnurfl. 

LO.fi. Lit k Observatory Bulletin (Lick B.J 
M.N. Monthly Koticefl Royal Astron, iSocifity, 
Alt, Yj\, M.W. Ml Wilson Observatory, 

Nat. Nature. 

K. A. Nautical Almanac, 

Ob*. The Observatory. 

P. Publications, Ptocoedinga.^wiiliioil to Society 

F.A- Popular Astronomy. fanin^ a*, A S, ). 

F. A.3.P, Pub'iw nf AatmunmiiaJ 3ocy. of tbs Pat'iftcv 
PhiLTrvtu. Pldlonophiiual Truttaactiorut of tbs Royal 
R_A£-S. Roynl Ajtronomical Society. [Socy. 

BJLaa Royal Astronomical Society of Canada, 
S.A. SoUatibc American. 

„ Selected Areae (Koptryn'* ), [i. tL 

U-0.0. Union Observatory CijvuEara. 

V. J.H. Vortdj.ithriSMibi'ifi dor Astron. GiwdlscbiifL 


An, 

AnnaliiL 

App, 

A ji] Hiri ifix. 

.iw. 

Ajiaociation. 

B. f Bull, Bulletin, 

Cat. 

Catalogue 

Or. 

Circular. 

Cord. 

Contributiona 

Eds^ 

Edit! nn. 

/. 

lutemotioual 

/jf„ inti. lmtiLute, 

if., Mmt. Mntnoirs. 


Magarine. 

0 ri f )lt*> ObMirviitory, 

/V, 

IProcsttUupk, 

P.J'ulh Publications 


nr Pnbltshod. 

S. 

Review, 

Bp. 

Raport. 

S-* Bocy. Socioty* 

S, 

Smitlisonift-'n, 

Tr. 

Transdotirjus, 

Tot 

Volume. 

Yh- 

VeArliook. 

Z* 

Zdtaubrilt. 


Hymtols see p, &S. 

ContraHtioH. With number ntlde.d, ^ tfumbtr 111; — 

A. D.S. Aitknns Double Star Catalogue, 1032 (site |>. vi). 

A-0,, A-G-LJ. AatrotiomUobe GraMJLftch.sft KiitaloR (jiOci p.vij. 
Al Z. Afttnigrapbio Catnlogun,* to mag, U (in prognsau^ 
LAC. British Awodatlon Gntalognie, ajrtHill 15W( Baity „ lH43), 
Eli. Bunn Duftlfi tmwteranff ( Argtlundor) to Uing. 9, 

exUtodfld by Stdibnlield (IBM) to 33* Smith Dec. 

Jj.G.C, Bnrrjham'fl Gcnctnl Cat. 0$ Drjubk Stnra, 

Br. Auwer'n redliotiro of Bradley 1 ! Obaerrstkim. 

Bri s- or Br. Sir T, CotaJogiie cif Soutlicra Btara, | B3fi, 

B. S. Scblnalriger'fi Ciitnlogtte of Bifigh t Starw. 

C. D, Conlolm DnrobniuaCGraiip-, S£fl n to di* S. [(Oovtdi) 1889, 
O.G.A. Oatalogo Qoiitml AraRntlruo, 33,446 Sontbom Slant 
C.K1X Cape Pbotognipbie Diirtj!hiniwterung r to mag. S. Hf to 

60* Scutli Deo. (Gill nnd A^n/^ryn), lS90F[t03. 
C.5£, Ocwdoba Zuue Cat. of South Star^ Naa in mtiQfi of Dec. * 

E-B. E'pin'a ifditinn of Di rtnin^hatfl 'rt Cat. (if lh*d Stars, IflSB, 
E,RL. EigoLibiiiVt-ffUligFi buulroo (Hamburg Oh.) of all kfl"Wn 
FK 3 Drittor Fundamontal Kaudc^t (p. vi. 'h [proper motjons. 
G.C. Pumii'n Genuntl Catalogue, cjHwh lfW- 
C.F.IL Gewbinlite dra Fit-ntcmhimoidk, bc& p. vt 
tj r, Groombrad^ft Cftt, of Circrunpokr Btara for 1 ftl 0, 1B3S. 


Fur Obacrvera 

CbafnMifi'eTt. With number added, =A t ki vtberm:™ 

M jJ. Haiiry DrajW Cat l&lB-S4fi"ukJJL9a | J Rarrard Annnls) r 

II. r. Harvari Photometry (Pic^rintf). 1884. {II,A, toL 14). 

n,Ii, (also 1L H. P.}, Eov ukmI Harvard Pb>b>metry, 1909 ML Ml 
LC. ,1 udei CiiUUojjiKi, cir^nnion of 3f,G r C, 1904* 1 bOH. [H. A. }. 

Lui. Lncnille'a Catnlogun or Southern Stars*, Epoch 1730 
pub!inbed by the British Association, 1647, 

Ll.or LaL Lalande a CuL, Eim>cU lMO t pub. by the 1637. 
iL MoKniar’s Cabilo^iti of 103 Nobutiw & Cliwtera, pub. 17S4. 

Roprintod, Ok#, t Ao". 1019; and P.A.S.P, Aug, 1017, 

N.G.O. Nuw General Catalogue (of Sir T. HenwheVs NebiUvand 
Cloiftert, 1&9& Vo!. 4S f Memoirs, B.A.S. 

G.A. •OBlticn'* mJocLioii of Argelwidor'i 3Sotw Obwervatmua, 
P,i). Pfititiluni General Cat. (Suppietnontary VoIh. + P.P.D., Sir.) 
F.O.C. Pralimiuary Genenvl Catalogue of «IBB Htarn $ Sow), 1010. 
Pi. PiajqdA Star Cat,* ejwJcL 1800,1803^ 14.t 
S.D.S. SfHltbern Double Star Catalogue finite a ) 1027, 

St Stone's Capo Catalogue fur 19B0, or Kodcliffe CaL 1300. 
W.R Wi:iai*e'fl roduutiouof SeHsol'sZ oiidh, equinoi I925i Nos, in 
W.g.C. Wsahlngton CsL, 190C, T 920. [hrs. of R.A. 

tr.A Uranonqotria Argoiitirui {tfould), 1079. 

U,0. UranocnEtria Nuvu Oiofaieiiiis {Pritchard), I Fffl5. 

i, north Doe,, in the K,D. 


A^tranamlcal CAtalO^ttea,—Centractiutio tn opdinary iibq. Tba l&ttaraaM oftoti lUhld without joints. 


* In tbu caw the sens is iLsioci u wtdl as tihe nuinlxir : 'bun LD. + 13* 'iSDif ttnatui itarHo. 23CKS in the IS* 
t Tlie HUmjarmt euEumMiHM anew La such honr ni H. A.: thuu V h 123 iknotea star Se, 3If3 in th? kkos C h. RA. j 







Viii ASTRONOMICAL TABLES. 

Body's LaW-—Taking Mercury m 4, adding 4 to cadi term of the gt^tnetnoa] Bfirtes 3, ft i£, S4. At, giv-ea the approiSmata 
diMAIi^ cif the planeEa Bp to UrflJittH, but not NoptuneV. PEutO is near the positi on NVptunfl fihouEd occupy. No rcuscD in known 
for thin dllriiuw relation. Bede remarked that a plant! t waa mijitring At the iImIaikv where the ftntaroids were dtacoFEred Inter. 

Ptmrifll . Mercury V*rtd* Earth Mark. AkllrtPlrfi Jupltar Salum tlrAfUi* Ntptuna PJliEO 

awa .. * * \* ** ■■ '** *** .- ■» 

Add ... A ‘t 4 A 4 4 4 _ * * * 

Diit. fr. Sun, Bode “+ 7 10 15 ~~W 52 100 186 38fl 773 

Acton] ... ?*S in is'* *14 5 s 85'4 *53 3°* #5 


Albedo Of the Planets- figured wre 

PQ p.1 : ace Ap.J n Yol, 43, 1910}. 


fur Hvtut* Albtdo fKJinewliJit different from Lambert’* original definition 


Albedo ;— 

Mercury 

Venus 

Earth 

Mdub 

M«ri 

JupllL*r 

Saturn 

Unmii 

(Kullnor, im) 

ia 

■M 

*** 

■17 

-ST 

•m 

■62 

■IU 

(HaiJor, 1B87) 

... 14 

70 

ar> 

13 

■If 


■7E 

(10 

(HimeU, 1918} 

... <17 

SB 

+5 

■07 

■16 

■04 

iiti 

■03 


‘40 0-17 

■52 (Sniper 
■73 \m) 


Cloud* 

^EJJj--72 

&now 

"70--78 


Saturn's ElnffB.—AppttuLttiAte date of Eni-tli pacing the ring- plane; and Katnm's heliocentric longitude. Detea not 
minim* : the fcirth did not quite pus the plan* uf the ring in 103ft though aitremcly nmr doing ■- 
IMlt tel- Itmff. f*ut* Uti. long. Hat* bit (onp. 

1807 Apr. l& 0* 348' 


i, Oct 4. O' 354* 
1908 Jan, 7. 0‘ 35B* 


348' 

11 1010 Nnv, 7. 

0“ 

107“ 

11 10311 Jim. m. (+ 0 ’) 

34(1' II 

364' 

ieai Fob. sa. 

0‘ 

lft3* 

1337 Fttb 81. 0“ 

354’ 

36S* 

„ Aug. S. 

0- 

160' 

„ Nov.SB, -SJ’ 

4" II 


Bait Inf. ttmg. 

1848 Dec. ■26. —1*'6 311* 
mo Sept 14. 0* 334’ 

1S£I Stay S5,+P0 3ar 


Parallaxes:—Son, Adopted At Paris Conference, 191L (FdEO* 

Moon. Equatorial horianninJ pantlEur, at rpemi diatMiOCif C? r 2 r,, 7. 

Asteroids fji.ppm.Ti ma te Liii'uiruijm j. AVdi, ■Bi"' 1 , Affl-v?, l-}'\ II. A ., 4 , -”t rjLrptk^^ 84- 

Stars. The pumlluua of severs! of those arc given in the Tables, of the Brightest and Nearest Star* on [logs 53. 
Planetary Colour Indices, &C. —“BurTa Riuijiiixett * gives the amount received per ttt*H of area, 

MBFTurv V»HUI Earth Moon Mar* Ju-prtor Batura Umnui Sfepluna Pluto 

Colour Index (Sun 0'7 S} +... 

Sun'll Radiation .... (5"0 

Velocity of erape, ka^/mea^Hl 

Stellar Colour Indices,— 

Type Qf Star. 

Colour Index, . 

do 

H**t Index (average}, in Magi 

Surface Brightness, „ 

do >, 


+01M 

+1-3 

+ W0 +096 +1-SE +0-04 


067 

f- 

.. 

lfl 

I'O 

X4) 

043 

O-04 

001 00)3 0-0O1 

0-0000 



10-3 

H-3 

3-4 

B4) 

00 

36 

11 

23 

31 



... 0 

BO 

A0 

m 

GO 

KO 

M 

M3 

No 

E 


Giantfi — 

- 0 32 

CKi 

+ 0-3A 

+0-&d 

+ 1-43 

+ 1-8B 


+Vfi 

... 

Dwnrfs ... 

-fl-32 

0-0 

+035 

+ 0-73 

+ 0-88 

+ 1 70 


... 

... 

liUniea 

-01 

0-0 

+ 0-3 

+0-7 

+ 1-2 

+ 2‘3 


... 


■OiAlltn ... 

-3-2 

- E l 2 

-Ht 

+Q-3 

+ 2-3 

+ 4-S 

... 


... 

Dwarf'd ... 

— 3 J S 

-2 3 

— I’O 

0f> 

+ I-S 

+a-e 

... 

... 

... 


Novae.—Many do-gallod New btarn have li«5U recorded in years proviane to those given in the list below Ttuw the 
appeamrum of a new afar About the year ICO an. b mid to have led Hipparchus to make his catalogue of stum But geminiU^ 
the old reoordn ftTC vague and indefinite, and, in some ease*, undoubtedly refer not to Nov® but to dOdieh. 

Modern Novas—Only the brighter Nova; are included in this List. 


Tmr 

fllHtHt 

Nm.. Hw 



IL. 5 “ 1±kl 

11 IM \ik 


1 * 672 . 

Oas»Lwpfti» (B) 

>1 

W‘ 

+ r 

Qt-aa* 

+ 63 * 

53 ' 

UK>a 

Oygni Ko. 1 (P) 

3-6 

43 

+ 0 

20 

is 

+ 37 

flfl 

1004 . 

Opfiiuchl Nfi. 1 

> L 

332 

+ B 

17 

26 

-fl 

S 7 

1670 . 

Valpfwulip(n).. 

. a 

31 

- 0 

19 

46 

+ S 7 

II 

1848 . 

DphiuDhi No. 2 

6 -C 

335 

+ 10 

16 

C 7 

^12 

46 

1560 . 

Sdrsrpii (T) .. 

. 7 

321 

+ 19 

16 

14 

-22 

31 

ism 

Ck-ironaa (T) 

r 2 

10 

+ 47 

15 

57 

+28 

4 

1870 , 

Cygfii No, a (Q) 

3 

56 

- 8 

21 

40 

+ 4 f 

34 

1896 . 

Amiromeda (d.) 

7 

m 

-SI 

0 

40 

+ 40 

59 

1867 . 

Peraei Ne. 1 (V> 

0-2 

100 

- 4 

l 

68 

+ 56 

20 

1881 . 

Aurigst (T) 

. 4-6 

1 

- 0 

fi 

39 

+ 30 

26 

1893 . 

Nnrmm (Bl 

, 7 

2 S 5 

+ 4 

16 

28 

- CO 

26 

1895 , 

Garinai i| RS) ... 

. 9 

258 

- 1 

LI 

ti 

— 61 

40 

1896 , 

C^ntauri(^) ... 

, 7 

■m 

+ 58 

13 

37 

-31 

S 3 

189 B. 

Ragittarii No. 1 

4 7 

350 

^10 

18 

fin 

— 13 

14 

1890 . 

Biagfctarii No. 3 

9-5 

336 

- a 

lfl 

17 

-SC 

33 

1890 . 

Aipiilde Nck, 1 ... 

, 7 

4 

- 8 

18 

10 

- 0 

14 

1901. 

Ptoffii Nc. 2 

. tbO 

lie 

- 0 

6 

26 

+ 43 

H 4 

1903 . 

G<suiit:i>M]ni Nn.l fi’l 

; 163 

+ 13 

6 

41 

+ 30 

0 

1005 , 

Ad[uilffl No, 2 

, 9 

358 

- « 

19 

0 

- 4 

31 

1910 . 

Bugittarii No. 2 

7 h 

331 

- 3 

17 

57 

-27 

33 

isia 

fawftrt* Nu. 1 

CO 

71 

- 6 1 

22 

33 

+ 52 

22 


#-J«s 

V*Tk--'— 

UHU«t 

Hm 

iwi'-'L IFiLul 

Sb* u<- 

rduui 
It A 

’1IW- 


1810, 

Ara 

., 80 

305- 

- 6* 

IP 

371= 

-52* 

ay 

1932. 

Gcminorvim No. 

2 33 

1G2 

+ 10 

a 

C2 

+ 32 

12 

1013. 

Ragittie 

. 7 2 

25 

- 8 

20 

c 

+ 17 

32 

1917. 

OphiUchl Nl>, 5 

0-5 

321 

+ ^ 

IS 

60 

— 5» 

33 

1019. 

Aipiilie N<i, 3 

-07 

1 

- 1 

16 

46 

+ 0 

9ft 

1918. 

Ophinchj 

- 7-6 

7 

+ 12 

IB 

11 

+ 11 

3C 

1918. 

Lyra) ,. 

e-6 

57 

+ 11 

IS 

Cl 

+ 29 

9 

1920. 

Oygni No. 3 

i s 

CC 

+ 15 

16 

C7 

+ 63 

58 

I9E5. 

Pictoria (RH) .. 

., H 

S4tF 

-SC 

G 

35 

-03 

30 

1934. 

Horeulta 

. 13 

40 

+SC 

IS 

7 

+ 45 

51 

1930, 

1^, carts’ 

, a-o 

70 

- 1 

22 

U 

+ 56 

23 

1936, 

Aquiltn 

. 70 

b 

- 8 

19 

15 

+ 1 

3fl 

1938. 

R&gittArii 

. 4'6 

355 

- 9 

16 

6 

-34 

21 

[038, 

Aqujlai 

. h-0 

11 

- R 

19 

24 

+ 7 

m 

1FM£. 

Puppis 

. 0 4 

mi 

+ 0 

8 

10 

-35 

13 

194 ft 

Coroow (.T) ., 

.* a i 


(See 

yr 

1660 

abnvd) 

1850, 

Locertra 

, so 

73 

- 5 

22 

46 

+ 63 

s 











1 (•"rom gliMSTPition* of Kwn wgetwt tln> pppoiittou of IWI, tho value (4 ti rH TW> ± ■frill"!)] («ee TC, A. A, Haoibowk for ]B42f. 
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NomBnclatUFe or minor Plan&ts, Variable Stars, Nov®, && — Systems that answered well in the early 

of discovery inevitably tond to become in adequate or unwieldy us discovers* injfflreasft, ond from time to time 
they have to be revised. Hie following modification! have been made in the original *yatf'ma. 

Minor PlunstiL Each new rtiflcovery, before the ttttmbar and name ift given (f«. 3JI). h temporarily FumigTiod distinct!r* Roman 
letter*, a* net infrequently, a supposed jj#w aatemid pwv<* to ho id«-htLn*l With flue ninsiulj known. Qrtgblfttly a single 
letter nufficed, and the yotvr; hut in 1393, the double fans AA to AZ, BA to BZ, Ac.* iru introduced < I bring omitted)* 
thin new ncrlcui bring con tin lied right, on tin til ZZ Wnui reached, instead of beginning die alphabet afresh each year. A 
WWODd alphabet was begun in t&IT?, with the TEnr i ISO" Ait, id, mud a third in lfil«—tonuitmtod with UA,. ihw. 31, 
1994* when a now ayptsm was started to enable helated discoveries to be inMPtwI in approximately their projior pkca. 

tinder the pre-wot nyatons of temporary nanumelaLure* the double alphabet fc-egina alrvsh each year- tht discoveries 
of Jan. l*li are AA, AJt, AC, Ac.; of jan, Iff 31* BA, BR, BO, Ac.; of Foh 1-lS* CA* CB* Ac,, the year being adilrill in 
each com : if more disdorerioa than Sfi in half a month, AA lp AB 1( An, Minor planets are in the cwo of tba Reuben*- 
JftHtittit of Berlin, which attetirie tn the numbering, An, When unmirafcximi* the orbit ia not Hofficdootty certain* aa 
1&3S HA, hut * name may he given, aa it in mure nrinvcnient for referent*. (Annual sum m ary in At, A'., Fehntary). 

J»o- A,H * Fob, C.D; Mar. E.P; Apr. □ , H : May J K ; June L. Jl j July N r O ; Attg, P,Q [ Sept. B P !J , Oct T*tJ j V ,W - V„ £, Y, 

Variable Stan Argotander doffignatod them not Otbnrwisu tottered nr numbered, in any oonsleJiatlruj* by the Roman Capital 
letters, E, T, D, Y, W, X, Y, Z. After Z, the dmible form RB to RZ, SS to SZ, IT to TZ, and eo cm to ZZ, mu 
used* which provided for 54 variable stare in any constellation. A* that n timber peered in su ffioinnt, AA to AZ* BB to 
BZ, and mj oq, w« employed, J being omitted. The Aimpknt system, which denote# the variabtea of each conacllatino 
by the letter v, Mewed by a number—than VJ.-E; VE-pSs V&4-ZZ, Ae, + in to lw used from Y*“, when QZ in naohsd. 
lotfeirsi *r& assigned when thfl yirtabtlity is oanfiniied e pmvisicnaily, Nov* and ordinary wiahlss are now dosi^atol 
by a lilimbor, year, and tonnteJlatiou, Nnvn Arpiiln £»!» being 7,191* Acjuilm, in the ^variahk 1 diACOvnriOB of EH] H 
Novae. Tlin oUer Nora are deeij^tiat^nd by lIih isuinbollation and year in which thsy appeftred,. tlma, AVi-ra Snrrrpii, 13.4 ILc!. 
flotna having also a 4 popular" Ttum’i, KifUrftStar* Tycho'a Star, An Modem Nov* were similarly d&sigtiStod Lilt 332B 
If more than one tpperad in a cnnstolhaion, they were numbered nnocBsaivoly Xma ,Veca IL, IVftd. so on, af that con- 
■tdlAtirm, in Older af dunVarr, lUsngsrdkng the Norte Iwifisrw I&7S. A" many Niu'» worn only dtswivHred years after 
their Ajuk^tunoa, when TOmparing,aLar phof>gr*phn of the same region Ukotl at diflsrrwt times, tbia anmatimns mmiltod 
in lha niimbera hoing auL of order as regard* date of lappwmno *; th^ ncmonolaturu was tharofora altered to oonitelialiun 
and yuur, with the date in tenths of a year, if mow than one in a y«r. 

Primary and Secoodury Start.—Tbo brijjlitffit iter ie A, the compaikinn or conspanione B, C p Ac., as S-itim A and B. 
Comets,.-Entirely new comete are cwraaUy namt^] after the dJiumvotw, wfdinR; the ytutr, m Donati r « comet, 1S50. 

Ca***t jf, CcTjict Ac,* denotes the firvt, -Hccond,.comet rfumrrnrrf that yenr, whether mw or atroady known. 

Comti J, Comat // t Ad., „ „ ft „ urrma^ at perihelion that year, ditto 


Some Terms occarring' In AstTOnomieal Papers. 

Errors Of Observation.—Thdeu am nf two kinds : Syttumatvi Uwi and Awtidmtai J?JTorj{Boe page " t The 

fbnnrjr are detected by obBervations rejHsated with different instnimenta, An. P op by ocmjwiiKin with renulte obtained by othw 
methfuii j £be latter ftWora are erratic, but can be rutiranted hy aiialyaia of the small di^cnrpanclOV IhiSwcco tbs individual cb- 
■arratl^nefif a wHs*, Or l>etweeri oha«Tfld and calcuiatfd valncw—which disempandos or difleroDDia am known M Hahduah, 

Tho Probable Error [P.£.\, of a firriw of obaervation* la * vatu* derived mathematically from these fesk£uei> ; it affords an 
indet to the rnlUhnity of ths given, ILtld in pl^fiiod by the sign ±, whioh meana that it 33 an even chance whether, by the 

atuonnt of the pnibalife ernsr. the valuw Ri^on. in greater, or leee. The smaller tbs jiroluvhlfl orrnr, tlin greater the rulinhility. 

Method of Lftast Squares.—A method used to aflcertain th« moat probaliEe niean I'ftlue derivablo fnim a nimdier of different 
ahnurratlona, It u haaod on the priitcjpLe that tim ' weighw * (dfl^re* of IWCUftteyJ af oljaervationa, with different probable Error*, 
am inversely pregjortional to the nqrtarftn of their prcbaMo errertL 

Interpnlotion ; Ejitmpolabon, —./nrar/‘or r affi>.n i* the prooeart nr Ending Valnaa for dates, hanm, quantities* Ac., 1 0 termlate 
to thane given in a Table. Pop Ordinary purpose** the prajjortiona! amnunt of The diilt'ireunw Ifttween th* figure* for the two 
miarsst date®, qumitltiefl, Ac * usually suffiefeii, it Iwiog aiHiimod* for "implklty, that the chango in tins interval is uniform ; a 
mow accurate result* ljwfuJ when maiimum or minimura £N.t;u.ra between the dnbeya* ia obtained by plotting on sijuared i»p<u 
several wiiwwrivfi dafjnn, or flj^ttrna, on sigh side of the one not given, and drawing a curve through these pointa, 

furtrapedati™, a ilmilar prooesa, eitands a acrien of fl^ures iMyond the limit of the laat figure actually known : tliere being 
tidy turn limiting figure, however, it ie less simple tlian Inte^wEalion. 

Contracted NotaElon employ* the factor * to, f with email indei figure*, to express large number* in a aniai! opac^ The 
indm figuitfl rnay be taken on Indicating the number of ciphers to btt added ofler the L A miaUf before the indrtt fisSiirw lTidio. 
atoH a fractional number* vj*.* I lividaf by that, number E thum 10^*- l/1 + 000,(Jl>!>th or tJOOOOI, fretn which it apjwnrs that 1 UMIM 
indei hgunw sbisw the pinitiao* after the decimal point, of the first significant figure nf the deoimol fraction, th* number of dpbnnH 
before the 1 being on** fi?*i than the tndax numW. The fallowing are aiamplen. with dnwimAl finitorsE — 

1 23 a to*=l 33 a l*0D0*fX)a or 123 1,230*000 lQ-* = l-agx *000001 or 123 x 10^-123 m -00000001 --00000123. 

Nate ta moke th* index of the 10 «uoh that the figure before the decimal in the other factor is 1 to !? onffy; thus 1^3 x Id - is correct* 
not the 323 x ]f>* illnjitrnti ng thfi Wo-fidiig : the Inctei of Iff £tHi.th ami — ) la titan the ’ charactariKtia 1 of the lagori thm af the No. 


IP 1 -10 

\(fl m 1000 ... . 

IQ* m 1 million .. 

10* — to Toilliuim 

IQ* — I billion (U-S.A,, Ar) 

| hitlivn (British] 


I wit|j l cipher after it 
1 „ 3 cipher* „ 

' a 0 s 

^ M ^ tp It 

1 " 13 " " 


10" 1 ™0“1 „* .., =1 1 in the 3«t pbtoe after decimal point. 

10 1 -0431 n/lQ0tb} ,* 2nd .* „ » 

10-"-0-iXKKM}l(l/mil31onthj „ 0th „ ., w 

-O fOC^XU (1/ltHsiIEimilh} H 7th 
to-*-l/bdlliotith (UaA,) „ Hth ,* ^ ^ 

10-’*- „ (British) n 12th „ 
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Magnitudes And Relative Brightness ortho Sun, Planets, and Principal Stan, (lrt magnitude *bw eaten u I-OOj, 
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Ratio or Brightness, fainter or brighter, far t diETeranee in magnitude (“ X>lfT“^ efz— 
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Parsecs or Light-years equlvuEant to Km-'secomis Velocities* At BDOinu/ftecoinii (3IO&& mile/wm) per njeg»ijw Mn : 
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Ko. of Seconds of Are: in j6o\ l,SM,00Cr ; In i*. Mott", No, of Seconds of Time ; in. x day, 66,400 m*. ; m i hnnr, aootfc. 
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B. 133 l ie ins 1-84 Kii S jf E137 *419 A T , U'SS 033 6-30 044 0 49 063 097 0fl4 0-71 MV 
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0-80 0-fiiS 0-34 Q-S4 +0-33 +0-3S +0-40 +0-4S +0-46 u-43 30* 

0-67 0-56 j 0-58 fr&B +0-43 +0-43 +0-44 +0‘45 +0-47 0+0 30* 

0^54 0<fi5 0-55 0-65 +0-47 +0-47 +0-46 +0-43 +0-49 0-&O 10" 

+ 0 &l ,a +0-51™ +0-61“ +0-61™ +O- 6 I 01 +0-61“ +0-51“ +051® +0-51“ 0-&l m 0" 

21,15 2Ch16 19^17 13 6 5,7 4,3 a, 9 2,10 1,11 ^ 

hunf, fiF firi*lht ftHtnilMt fm-SOUTHSUH OlUlctl. 

PreDesslon in Decllfl&tifln For 10 Tears for object* baring N. Declination. S. Decimation, revorw tbs + d gu 
O 24 1.23 2,22 3,21 4,20 3*19 6 # 13 7,17 8,16 ©,15 10,14 11, 13 12 

j +¥t | +W | +W | +V-7 1 +V'0 I O j -0T-8 | -1-7 j -i'-4 | ^-0 J -3-1 | -3 3 

jKrtm^.—Tbs stu a Urea Majon. is ptaecd fn 1020 In R.A. 10 h. B&*0iiL h Dediostififi +B2 , il , i ftnd its npproximmte 

pcEEtion In l&Ito ^ pniumn haded hy tlie o»n»t ft.A. tnwur, II. la kbb eolujun tfa« 1 # yw R-A «rr«lipft for WN, U + 
fm- TO* Up it * + 0 , *;™- r giving fclf « n * for the intomedist# D*c, of tli* 3utr. 

R. A. ri m- Ureas liijm-U f^rr 1 &20 is ICh-SB-Dm. 

CWoctioc Cur 30 yaut ( + C"lS2 * 3} * + 1 'ta- 

RJL fur 1&50 IIIl O-inn 


Hfrin 


The Blu-’i Detluuliab f*r 1 SSO I* 

CuFTOCWQO fur SO K S> „ 

Dm. fwr 1®56 


63* 11 J 

-Iff 

































































rri ASTRONOMICAL CONTRACTIONS. 

Astronomic^ Sljjfus or Symbols (oftarioualty-uBed aymbola in brocket*):—- 
SEpts cf the Zodiac. Aries Tmcinii Oomici Cancer Lrq Yitgo Libra Scarpiu* Sagittarius Capri cornu* Aquuiui ffaros 
Syirsliul. V a n SB Jl I® i ^ t St K 

Sun, &C. Sun Mercury Venue Earth Moan MftM Minor planet Jupttar Saturn rranui Neptune Pluto Comet Star 

Svmb^i, 0(o) ft ft ®(S) J (I ® V h £ T E \ * 

Other Signs. let of Aries, Conjunction, Quadrature, Opposition. Nods {kmgiL of). Moo&’i Piuu^—New, lstqr, Full, 3Hqr. 
SymboL T ei □ S U Ascooding * & Q <t 

liOQtfI* tr. San, - 0* IMP lBO' £J dwremline. fah^L. frntti Sun, = 0- W ISO* SlTfiT 

Symbols Of E!einqnts#-i h Argon j Jf, Aluminjiun ; £}■*, Beryllium; £7, Carljon; Ctt, CJafouutti CV, Chrr'trtiiitm ; Ft, Iron ; 
Hydrogen j He, Helmm; K, P&ta&Mhim ; Li, Lithium ; J/g, Magnesium; Jfn l, Hanganw ; N, Nitrogen; Na% Sodium j Nc, Noon; 
0 t Oxygen 5 P, Fhnspharu* ; M, flu hid iuu.| S y Sulphur j Sc, fkaudimn. 5 £*; tfiticoti; *, Strontium; «, Titanium ; At, Zirconium*. 

Significance of + anil For Direction, + iiulacaLea (n) northward^: (j) 'direct 1 ' or "positive' 1 ' motion — u, to lb* taft* 
or esjitwnhin, when looking; south : - indiMbMi (fl) Brjuthward* + (£} * retrograde p or 1 nwpj-tire 1 motion—^t., to the right* or Wnafc- 
ernrds when looking south. Variahte Stan: + radicate* that * tMnmim or minimum" is later thin tha predicted dato ■ -, that 
it U aarH-ftr. Comets i M fur ^ unablfl ntaxs. + later, - earlier, to indicate departure from tho nphomfiriB, or the slnmanta 
Earths Area-, and Zauogripluc Pec.—Whan + f the pianola North pels k prcwni^l to the Earth; when tha South p*lft 


Dodinatioa: - 

+ ‘•NorthofOwlMtiil wjr, 

- -Snath 
Latitude :— 

+ »H,V of Ecliptic, or of 

- — S r J Ewth'a orG*l*ct> 
Longitude :- 


i = e" }® rMDi ^ 0 ^- 


Libraiaon ; mein cautn j— 

-I" ^Dkplaoad tu E,(kngit) 

— ji tp ^ m 

+ -Bkpaacid to S. (lit,) 

~ n w N. „ 

Mftguitndo 


+■ — Fainter limn mug. (Hi 
- —Brighter „ „ Otl 


Popitinii Aflifle Stin'* Aaris :■ 

+ — N. Polo, E. 1 of the Hr. 

- ** rr W t J Circle. 
Proper Motion. Preeeeaiofl J— 

+ — Northwards (in l>oal 

- — ^ntlllnnia „ 0 

d- —Direct ;in R.A) * 

- — nutrogmdo n * 
Ught-timt +kter, -earlier. 


Radial Velocity t 

+ = Heceaaif-n from Sun. 

- —Approach to „ 
SMttrn'9 Rings t— [p, SS'. 

+ — Ewrlh N. of riug-plano. 

— “ft 3. M l| 

Sub's EquiLor:— (p. 40). 

+• —iC of ceutre of disc. 

“ pi 


Astronomical Contractions.^Those for Aatrooomioa] Suciotiaa, PubUdutiona, Star cutaloEu« t 4c. n am giTnu on pp„ vi-iri. 


M Right Aocttwictti 
A.U. Aatjonominiil Unit 
^ AngaCrcm Unit 

C I. Colour indii 
CIM- Central Mnridku 
Dec. Deolinutioxii 
Eqr. Equatur 
Gal. GaliU'tiu 
G.E. Graateat elongation 


G.C.T. Greenwich Civil Tioib 
G.SLA.T. „ ifttfiii Awtraji. Time 
P.4LN. Greanwidi itaau Noon 
0.M.H w „ Tima 
1LI. Heat Index 
M.P. HortMtiLB] perajlsii 
LA. Intannvtionil AiiRatrom 
J.D., .f P, T Julian Day A fViriocI 
J.A.Lh n Aatr. Day, p,S. 


Kelvin 
lit Latitude 
Long, Jjangi tilde 
Mag. HAgtiitnde 
Jf.P.D. North Polar I)'.stance 

N, P.S, „ „ Sequence 

O, - C. ObaerTttd - calnulaiaod 

P, A. Position Angle 
P. E, Probable error 


PAL Ptopor JlotkiU 

R, A. Right AjMCrliahm 
U.T., T.U * Uniroraa] Tima 

S. D, Sflmuiiametar 
Z.IX Zenith distance 

ft/ North following, p 
np prwoding, ® 

tp South preceding, g 


, following, 

d, (kya : a, homa; w». h mluutua; a, anoonda etm., millimetrea ! cm., canttmetroui km., Idlomatrea, lfff t light-yoaru 
Astronomical Symbols for Pwitiou, Maguitodoe, Pamihue*. tc. {fuller list facing M cover), {I_A,U. pcopoMt^ 16^j. 


a Right 
£ DecEuiation 

l*titude {celestial), gtmeent, 

X Longitude w « 

G Galactic IcngitodB 
tj m latitude 
i HoiifrBantrio Intitudo 
t „ longitude 

dn Geographiifftl latitude: o' gsg- 
L „ longitude^ +W, [caBtHo 


Aj Azimuth, h. Altitude 
i Zenith Distance 
H or t Hour laglf 

w PiwaUwi, ftiinual, m 

Fy „ equatorial horiBontal 
p Annual pmjoawun (gineral) 
p rotitiod angle, p, G. 
p Proper motion (total annual) 
H, T, W ¥ Velocity^ nwdial (re 
tangiuitiel, apetiaL 


X Ware-length, Asiu-ir-nm, p. l 


'» MIm)D, -1/lQQOtb mm, 

ft) 


apparout 

- MQ&TQ 

at, 


0 

vereebI 

Pt* 1/millionth turn. — X10 

«v 

n 

„ 

photavdaual 

t Obliquity of Ecliptic 


n 

n 

phctagiaphic 

F Orbital period 


# 


Lufcernat, pg. 

E Tiiu-Cf EquaGau of 

"*bri 

■i 

n 

bolotnctrin 

l n of obfloxvatioo 

in«j 

n 

•» 

radiometric 

„ to'-un : U True time. J 

■W 

n 

it 

photo-red 

1 ? „ lidcnsil: J, nmuj swiifUL 



H 

iulmrued 


M Alagnitude, ahaoluta 


CoflStollatlon Abbreviations. Three and four.Setter eontmetiona {lot Aatr. Union, lSS^-S&X (Malaneplaoed by Fyd*. 

Sd Sculptor Seal 
See Scorpini Boer 
Set Scutum Scut 
Scr Sftrpe'iii Serp 
SftK Seitana Seat 
Sagitta Sgta 
SgT Sagittajitta Sgtr 
Tau Tattnta (faur 
Tel TelHBiaiji'tii Tela 
TrA Triang- AoaTr Au 
Trl Trianguluiai Trim 
Tuo Tocana Tucn 
UMa Uma Slajon- TJ Jdaj 
CMi Ura* Minor U Min 
Vftl Vela Vclr 

Yir Virgq Virg 

Vu| Vokua Vrtln 
Vul Vulpecmli Vttlp 

t Italattri ta tha 9am X Prom tunaa bail tm ' ‘ ' ' 


And 

Ath! ruined* Andr 

Ch* 

C'hAuunlcon Cham 

Eli 

Eridanua 

Erid 

Mon Henna 

Mena 

Ant 

AntUa 

Anti 

Cir 

Circtnua 

Cite 

For 

Fornax 

Fern 

Mio 

iftcrasocip'm ilier 

Ajia 

Api.ui 

Apua 

CHa Cauia Mflj. 

C Hej 

Gem Goto ini 

Garni 

Man 

hlonoearufl 

Mono 

Aql 

Aqoil* 

Aqil 

CMi 

Clank Min. 

C Min 

Gru 

Gnu 

Grua 

Mu* 

Mqicb 

Muh 

Aqr 

Aquariua 

Aqar 

Cue 

Conear 

Cano 

Her 

Unreal db 

Hare 

Nor 

Nona* 

Nunn 

Ara 

Ara 

A™ 

Cnl 

Cbtnmba 

Colra 

Her 

Earnlogimu Horo 

Oct 

OctftUB 

Ootu 

Afg 

Arpj 

Argo 

Com Coiruv Bor. 

Com* 

Hya Hydra 

Hyfa 

Oph Otibmuhas 

Ophi 

Ari 

Ariea 

Arie 

Or A 

Coruna Ana Cur A 

liyl 

Hydra* 

Hydi 

Ori 

Orion 

Grin 

Aur Auriga 

Auri 

CrB 

Coruna Bor, Cor B 

Xud 

IuduB 

ludi 

Par 

Pave 

pave 

Hoc 

Bebtca 

Boot 

Crt 

Crater 

Crel 

L*c 

Lmsurta 

fjscr 

Peg 

PegMua 

Peg* 

Cw 

Caelum 

Cttol 

Cni 

Crus 

Cnie 

Leo 

Lm 

Leon 

Per 

r«rsou* 

Peru 

(1am Uamelcpard, Gaml 

CW 

Cojmi 

Corv 

Lep 

Lupu 

l^f- 

Phe 

Pin* nix 

Phm 

Cap 

CapncumUB Oapr 

CVo 0*n«V€m C Von 

Lib 

Libra 

Libr 

He 

Pietof 

Piet i 

Car 

Carina 

Cju-i 

e« 

Cypta 

Crgu 

LMi 

I-^w Minor 

L Min 

r*A 

Pbcia Aust Pm A 

Caa 

CaMicrpia 

Cm* 

Del 

Delphinus 

Dlph 

Lop Lupiu 

Ldpl 

IVn 

Pi/wwrt 

Fi*c 

Omi 

Centaum* 

Cent 

Dor 

pviradu 

Dora , 

Ljn 

Lym 

Lyuc 

Pup 

Pun pi* 

p,ii‘P 

Pyxi 

Urn 

CephEua 

C’eph 

Dm 

Dmuo 

Drac 

Ljt 

Lyra 

J,yr* 

Pyx 

Fyxi* 

Get 

Cctu.1 

M 

Eq.u 

Equidoua 

BquJ | 

(Main*- Pyaia) 

Ent 

Ttatiuulum 

Reti 


‘ Utraanj, W.Z, Wcl tcedt. 
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L—NOTES ON STAB NOMENCLATURE, &a 

Thfi Constellations.“The origin of most of the constellation nainoi u lest in antiquity. Coma Btannow was 
added to the old list {though not definitely fixed till the time of Tycho BrubA), almut 200 B.C.; bat no farther 
addition was made till the seventeenth century, when Bayer, Rereliua, and other OfltnnnQmBre, formed many eanstallsr 
tiene in the hitherto uncharted regions of the southern heavens, and marked off portions of same of the largo or ilb 
defined ancient constellation* into new aonrteUatigiis.* Many of thaee latter, however, were never generally recognised, 
and are now either obsolete or have had their rather oluuiey names abbreviated into more convenient forma. Bines 
the middle of the ISth century, when La CaiUe added thirtesn names in the southern hemisphere, and sub-divided 
the unwieldy Argo into Carina, Maine (now Pyxis). Popple, and Vela, no new canstellaiians have burn recognised. 
Originally, constellations bed no boundaries, the position of a star in the ‘ Load./ 1 foot," Ac., of the figure answering 
the uoedi of the time; the first boundartei were drawn by Bode in 1801. For List of Constellations, ace but page, 
Star Nomenclature—The star names given on the last but one page have, for the moat part, boon handed 
down from classical nr early moduuval times, but only a few of them are now in nee, a system devised by Bayer in 
1603 having been found more convenient, vut, the designation of the bright stars of each constellation by the small 
letters of the Graek alphabet, a, A b &e,, the brightest star being usually mode u., the second brightest /!i—-though 
sometimes, u io Ursa Major, sequence, or position in the constellation figure, wat preferred. When the Greek letters 
wore exhausted, the small Roman letter*, a, b, e, Jtc,, were employed, and after these the capitals, A, B, Ac.—mostly 
in the Southern consteLLatlons, The capitals after Q were not required, so Argelander utilised R, 8, T, Ac., to denote 
Dorirtbln Htars in each constellation, a convenient Index to their peculiarity (see also p. Ix). 

The fainter stars are moat conveniently designated by their numbers in some star catalogue. By universal eon- 
wnt, the numbers of Flamsteed's British Catalogue (published 1725) are adopted fur stars to which no Greek tetter 
been assigned, while for stars not appearing in that catalogue, the numbers of some other catalogue are util hod, 
The usual method of denoting any lettered or tHannhered star in a oonntellation i* to give the letter, or Plntusteod 
number, followed by the genitive case of the Latin name of the constellation : thus a of Canes Veuetiei is described as 
a Canum Venaticorum, Those genitives are given in the list of constellations on the lost piigu, faring the cover. 

Flamsteed catalogued his stars by constellations, numbering them in the order of their 'Right Ascension*-—that is, 
the number of hours and minutes they southed after the southing of a certain x&ro point among tho stars (p. 3). Most 
modern catalogues are on this convenient basis (ignoring constellations 1, as the stars follow a regular sequence. But 
when Right Ascensions are nearly the same, especially if die Declinations (p, 3) differ much, in time 'precession f may 
change the order: Flamsteed's 20, 21, 32, 23 llenruMa, numbered 200 years ago, now south in the order 22, 30, 23, 31- 
For convenienoe of reference, the more important star catalogues are designated by recognised contractions: 
thus " B.A.G, 2130 11 is at once known by astronomers to denote the star numbered 2150 in the British Association 
Star Catalogue of 1845. In moat star catalogues a number i* assigned to each star included in them, whether it hoi 
a Greek or other letter, or not. Thus, Ytgo Is a Lyra, 3 Lyne (FUmvtecd’s number), and (constellatiout ignored) 
Groom bridge 2G1S. A list of some of the best* known catalogues, and their contractions, is given on p. viL 

Constellation Boundaries.— Bode's boundaries were not timted as standard, and chans and catalogues iareed 
before 1530 may differ aa to w htch of two adjacent con ite] laticnm a star belong*. Thu s Flams teed numbered in Cmmelop- 
ardus several stare now allaisatod to Auriga, and by error he sometimes numbered a star in two eonstdlaticms. Bayer* 
also, somotimus assigned to the same star a Grufc letter in two constellations, ancient Malronomcr* having stated that 
it belonged to both conste I lotion figures: thus 0 Tauri-y A origin, and a Andromcds — I PegasL 

To remedy this inconvenience, in 1530 tho International Astronomical Union stetidardiacd the boundaries along 
the Jan. 1, 187 B, ares of Right Ajn&ufon and Desalination, having regard, as far ai possible, to the boundaries cf the 
best btar atlaosq. The work hod al ready been done by Gould on that basis fo r most of the B. Hemisphere constellations, 
c * Antinou, adaed in jmU, ISO by the Emperor Adrian. vu Lunf emnliiasd with Aquik m * Aqoik st AntLEtu*." pap# J 
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A & TIWNQMICA L TERMS, 


The LA U. Boundaries. —These do not oUgp fclnRr poaLtionsi among the stare, thus objects c*n jdwaya be 
wirrcutly located!, though, owing to precession, the arcs of Right Asetjttribn and Declination of to-day no longer follow 
thn bouud&riefl, and are steadily departing from them. Alter sotue l^yOd years, however, the we xrcis will t^fcfcjin to 
return toward* fchu boundaries, and 13,900 yyur* after Lhi-t, ou completing the 25,800*y&w p recessional period (p.6) 
will approximate to them, but not exactly coincide,. 

tt NOTES ON ASTRONOMICAL TERMS 

The Star Sphere* -a con van tent term used. in tpoikldJig of the heavenly bodies and their relativEt p*mtiunti, derives 
iw name from th« appearance of the heavens to an observer; he scoma to be at the centre of a vast hollow sphere (half 
of it atywan, bftiiontli hi* feat), which revolve* round the Earth aneo each day. The stars seem permanently Used to 
the Inside surface of this sphere—their vast distances, pftteLicaily nullify their actual rapid motions—and are known 
Q,$JLjfefi »tiMr£ Y in contrast to the ‘wandering hChth . 1 or plane in, which move among the others* Rather mom than half 
the star sphere is wren at one time, as refraction adds a, strip equal to the breadth of the Moan a dine in the sky, 

Tll-0 Celestial Poles aod Equator. 'The pivots, an it were, un which the star sphere revolve*, are flailed the 
fafovtird Poif.it; they a™ directly overhead at the Terras trial pules.. Half way between them i* the greet circle of 
the Cd&tirf Equator or Epiitrtoctial, which posse* directly overhead at every point on the Terrestrial equator. 

Culmination i Southing - -—A eulwtinl object eafnimaf&t when it ratchet its highest point above the observer's 
horizon, In the N. Terrestrial hemisphere, touifet bused in the same HCinso, ns culminat ion ia al ways at the instant when 
the object Is due south of the N, Pole j In the 8. Terrestrial bunispbom, objects culminate when due north of the K Polo, 

Rising and S@t-tin.gr of Stars.—At the Terrestrial Equator, the Celestial poles lie on the horizon; all the stars 
remain above tho horizon for half a day, am! their rising and sotting am at right angles to the horizon. At the 
Terrestrial poles, on the other hand, the (JclraitEttl equator eoincidea with the horizon, paral lel with which the stars 
move in ciroleft, neither rising nor setting, the other half of thu star sphere being never seen. 

In intermediate latitudes there is every variety between those extremes, but always *i>n» stara never set (uid 
a corresponding area round the opposite Pole never rise*), alum the paths in the sky cut the horizon obliquely—all 
in proportion to the observer's freamass to* or remoter)?** from, tho Terrestrial Pole or Equator. 

The stars which rise and Bet a lway* do bo at the same points on thu horizon—unlike the Sun, Moon, and planets 
which rise and sot at different points on gneaesrive days. In temperate latitudes, especially, those of them nearest the 
observer':* Cdoatinl pole rise far north (f?. hemisphere, south), and arc above the horizon moat of the Lwmity four hours; 
as distance from the Celestial pole ineroasrai, they rise further ami further smith (or north), and thnir time above the 
horizon diminishes, till* for the furthest sooth {or north), they sot again a very short time after rising. Stare on 
the Celestial equator rise due E., set duo W., and are 13 lire., above the horizon, all over the Earth—except at the Pnlcs H 

Stars ri>«, 11 south 1 or ‘nurth \ and wet, *t. a pvan hour onftf <mw a yfrir, id ware ciior liboot the Hint date, fur they culminate 
rioarlv fear min tt ten uarliar each day. and mdos #18 J reflations in solar days, On one day in the year ' MuUifn^' Ac,, 
occurs fwKi<V fc* 1 when a star souths at 12-1 o.m. it will south again at 11 -AT pm. the aamo day. This necur* with the Superior 
pjanacs (p. 33) also— Mare, and the asteroid* in general, about «uuub tLtmad jw-thdr mean daily metiona being Ichh than ths 
Orth's. .Mar* aud VfclUU, howurur, (nay not SDuth at alt OH one day in tin? ye*JF. 

The StEti*8 that, never set OP Pise.—Stars merer *etr when their dLatunaa from the Calvarial pole is leas than 
the latitude of the observer on the earth. Or, sturs with Declination (p, 3) greater than the observer's Co-lutitu.de 
hi* latitude inbt™eto:l frem novoraotT the derraapiinding area round the opposite Pole never riaes. 

The Ecliptic H another iraportaut circle on the ^tar sphere, which interBeota the Celestial cquatcr at an 
angle of 33J* (the OUiquitijof ths Ecliptic*) t aud He* in a plane which passes through the centres of the Sun and th* 
Earth : it represent* the yearly path )>f nbc Sun's centre <m the *t-ar sphere., an aeon from the Earth, or the Earth's a* 
seen from the Hun : it i* nhown in Map* 3-14. Th* EoHptin Ptfu% tlu* point* on the star sphere 90" from the Ecliptic 
{about 334* fmm thn Torroatrial poles), are at R,A- IStu, and Gto., and Dec. fiG|* N. + ami 8., respectively. 

Thu Ecliptic jumI its pfjla* am ‘aamdbly 1 (>>, for nnlmarypurpoaaa) filed on the star sphere, but change slightly iis centuries. 
Til!! fururir ,iUt mpre^mU(«)thooontr i! line uf thn KiaJiiw rp.3); (l>\-thv average path of the Muon, Mercury, uml Vetiuu, on 
the star sphere (pp. S, M), but not thow ftf the other major plane t* -RMWfh them are al Way* twrte the Ediptio, except Pluto. 
The Vernal Equinox of Firsl Point of Arles, the zatwfartho ealestial m6a*urements oocrespoodiog to 
taera*trial longitude, ia the p.iiut of interaction on the star aphare, at any momflOL of tho Celestial Equator nod 
the Ecliptic, at or near the piHttt where the 8un cro^sen the former from 8. to N., abuot March 21. 

ThU {joint—the TVwror App^avU Eqninex, nr Th* Efttino.n of any date—innvfw westward an thn Ecliptic I/Vth second of 
aw ftvery day, bus ia ncvcrthclrj** the most convenient point for the parpoac. ns the Sun's position in the ^ky, meafinred from it, 
remain*'practically thn on n «'lven day oF the year for t.hoiiw.nd* )if year®, by the leap joar arrangemouta of the calendar, 
though those of the star* slowly ehottgu, 'Vernal Equitmn,' iflAfla -tu+'tl hi conTUtciwn wtfh mMLturfrntrnfa, always isetuiathis rnovtug 
Tm*-Equinox, but thn literal Vartial^Splfittg, p.6)®qqiqni is llui instant when theSun’* contra Actually DIWR*« thy■CeleatW oqnalDT. 

TV tfmn ©/i*N.vr.e 1 ia the Tnw Equinox corrected fer the irreguUrity (iimx. *■ 1| ust-a.) wiled imtatloji hi Right A-reimou 
(p. 7). Positions in star chart.* aud cataJogltot*! Are raortsiired. from it, ftt the tiren? wlscn tho Slin'i Hired, longitude 1* 2^ , about 
Jan. 1 : thus fer 1&50, the sUr positions are nailed ‘moan piaco* for IPWO' — * *0 r after A year always indicate* iho 2^0' start. 

Tim puiiticu of tho First Point of Aries is about nine Tnoon-bruadth* W. of the? end of a linn drawn fir.Ht from 
Andmmcda? to y PegiVii (which form one side nf the 'Sijtiare of Pe^ua) then ex tended downwards for theaamu length. 

1 * Mean, Jan L. 1E1W, 2>T 2(1'®" rannasl ilfctrtSHe 0" L 471, may T*ry B" frutn Hit'iiL. 
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The Meridian is that great drain pc the star sphere which posass through both Celestial poles, and through th* 
MoJth of Ltio observer; it always meets the horizan due &anth and north of the Pole and the olKserver. On the mrrtdWii 
nwriJtfiw jNHsagi}, ruJanu to the mcric/ian, have tho swine meaning u culmination, or transit (eau below). 

Tpan&iU— A celestial object iTWittiid wbsn it croKrea fa ) the meridian of * place— Upper culmination: 

or (b) way elected Une qu the star sphere - Tho term is also used for a meridian or spot croaaLng the centre of a tUae. 
Lower TVonsif, or Lower Culmination, of h. * circumpolar" a tar which never seU, is at the opposite aido of the Pole, 
twblvc eideml hour* after upper transit, when the star is nearest the horizon. 

Tmn&it also denotes the passing, as a bluet circular spot, -of Mercury and Fsiwu across the Sun's disc ; or of ■“ 
Mini Li to or ale shadow (p. 34) across the disc of its. primary, Ingres is the entrance on to the disc; egree^ the departure. 

Celestial Positions.— As the star sphere has an Equate and Pole a. taking the meridian through the Vernal nqni- 
uojt oe sere* the position of any object in the sky can be indicated in the way places on the Earth ins located by tbnir 
latitude N, or Id. of the Equator, and their longitude from Greenwich. The corresponding utrommicfiJ terms, however, 
are DwJinaiion and Right Ase&tytiQn y ancient Mtrunomtn having unfortunatc3_v (for similarity of nomeufllature) mud 
the terms latitude and longitude to denote measurements referred to the Ecliptic, instead of the Celestial equator. 

Declination (contracted i, or Dea.) corresponds to tarrestial latitude ; it is measured b degree* Eorth or South 
of thdCflleatial equator. The International Astronomical Union recommend the use of + and - instead of N. andS, 
North Polar IH-itanc* (contracted N,P,L> r or i\2L) t measured in degrees (O’ to ISO’) from th«N. celestial pole, ii 
sometime* used instead of Declinatidn, as ft obviates the use of negative signs, and all chance of error with and S. 

Right Ascension (contracted «, J2,A„ or ^L), corresponds to terreetial longitude it is measured eastwards, or 
oouiitnr-qlockwi.se, on the Celestial equator from the True equinax, sometimes in degrees (0*-3M‘) h usually in sidereal 
hr*. (A.), minutes (oa), seconds {*,); 1 h. -15', 1* — 4 m. Every observatory hu a clock regulated to this sidereal 
time (p,9); when it shows Ohra the True equinox is on the ohsenatory's meridian. 

As the True Equinox culminates daily, it is easy to note how many hours, minutes, and second* elapse from its. 
culmination to that of any other object; this interval is the Eight Atcmeion of the object. Objects that culminate at 
the same instant as the True Equinox hare R,A. 0 hrs.j. those culminating l hour later, H.A. 1 hr.; tlioae 2 bra later, 
R. A. 3 bra, and so on up to 24 bra, the 0 hra of a new sidereal day: of course minute* and seconds are also u&ed. 

ftiftht Ascension hours, Ax., am very nlfehtiy ahotter than those of ordinary mean time, the SL4-hr. sidereal day t*ing only 
S3 hr*. £6 miu. 4 secs, muq time in length, or shout four minutes shorter than the Btfan solar day. (Sm p. &). 


Hour and Declination Circles,—An if mar Cirde, or a Declination Circle, ia the groat circle passing through, 
a celestial object and the CoLe&liaL pole* \ the former term is preferable, aa the latter Is liable to be confused with 
1 Declination Parallel*/ which mro not groat circle*. These term* are also applied to the graduated circles on 'equatorial' 
telescopes (p. 46); the hour circle is graduated in K,A, hra and miuutes, and the Declination circle in degrees. 

ColU res .—The Equinoctial Colure ia the great drole of EL A. 0 hra and 12 hr#.; it passes through the CeleatisJi 
Poles, the First Point of Aries, and 1 BO" of celestial longitude, Tfte .Sbferifirei Colvre is the great circle of R.A_ 6 hri- 
*nd IS hra,; it passes through both the Celestial and Ecliptic Foies, and through the AWefitifll iViitls*. 

The Zodiac (liberally ♦circle of the animals/ most of the signs represent living creatures) ia the belt of the sky 
0.&‘ on each side ol the Ecliptic, within which the Sun, Moon, and the planets known to the ancient* are found. 

Starting yearly it the First Point of Aries, it is divided into the twelve ‘ Signs of the Zodiac' (mc symbols, p. rii}—each 30* 
of longitude on tho Ecliptic—which, however, do oof coincide with the csonmallaticn* of the asms nuiue, although they did bo tom* 
S300 yearn ago when tho First Point was named, procession having carried them westwards soma 30" , ar s whale *igtL 

The invariable Plana of the Solar System. passing till rough tbe System’s cent™ of gravity, forms an tin varying 
reference plane, o» it doea not change its position in space owing to mutual planetary perturbatione, as the Ecliptic 
daea Inclined 1" 35 J to the Ecliptic plana, 7‘ to Sun’s equator; longitnde of ascending node 10fi'35' (epoch 1800). 

Th* Fundamental Plane t in occultationa end eclipae^ is that pascing throngh the centra ni the Earth at right 
angles to the line drawn from the star, or the centre of the Sun, through the centra of the Moon. 

Alternative TtoferenGB Circles*—The Celestial Equator, though the most convenient for finding or recording 
petitions an the star nphera, by ft, A. and Dec., is an unsuitable reference circle for msuy purposes, and other great 
circles and reference planes a™ ubccL insm&d. The position of an object, is indicated, with respect to the:— 

1. Cotosti&I Equator by its Declination, and Right Asesnskin, from the Vernal equinoi (p. 3) 

(feocentric Latituda, and Longitude, „ n „ (p, 4) 

II ali-occn trie „ „ H „ „ 0 (p. 4) 

Altitudn, and Azimuth, from the N, or S, [mint ... „ 

Hmtf Anjtle from the meridian, ami Dodiuatiou from the- Clclroi Eqr. , f 
Positian Angle, from the North Feint ... 41 . n 

OslncEtc i^thiide, and i^ngitude, fxutn ntvlc on Celestial equator (p. 4) 
Hdiogrmpbic „ w „ arbitrary Bern ... „ 

PIsnotogTaphic „ „ (Solano-, Zuum, Ac., -graphic, aeo p_ 4 J 

Dielancn (u) from the North Point; from the Vertox (p. ft) 

Thus there are n^v^ral kinds cf a&tronomicftl latitude and longitude. But tnlefls qualified by nn adjective, in uftfrcuomy 
these terms usually mean Geocentric Ltiiitude and Longitude, referring ubjucts to the Ecliptic and the Earth’s centra. 

* InCatatial longituds BO*, ! 7 rr f w R.A. (Sh., I8h.), ami D«l 33J'N.aad 3. 


Ecliptic, (a) from ths Earth's centre 
m, (frj „ Sun'a 
Boriznn of the olHiervor ... *.. 

Meridian 

Hour Circle or Declination Circle 
Gslsctlc Plane, or Milky Way 

Sun's Er^untor ... 

Plsntt's or Moan’s Equator 
Liinh nf the Sim, Moon, or Planet 
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Geocentric Positions. —All astronomical observations arts neesj»ar% top<Kf.ntric —i s., made from. l point on 
llm Earth 1 * (urfaflo—but for simplicity, ilia figures in Tiblea are alwi^n ^eaesfifna, llistii, calculated as if bodies worn 
observed from the Earth's centre. The reason ii that the tapcoontrid values differ with the puuiion of the oliwmE 
(except for stars—too distant for appreciable change), but are easily obtained for any place from tho geocentric values. 

Angular and linear distances are in general measured from centre to centre of the bodies concerned, and those 
calculated as seen from the Hun, or a planet, ore also given lor the centres (heliocentric, Ac., value*, see Wow). 

Latitude and Longitude (unqualified by an adjective) refer celestial objects, to the Earth’s centra and the 
Ecliptic instead of to the Celestial Equator, and therefore do ant correspond to geographical latitude and longitude. 
They am used for calculations involving angular distance from the Hun. as seen from the Earth, of planets and cometa, 
—phase, opposition, Ac,; the name definitions, but referred to the Sun** centre, instead of the Earth's, arc tensed 
Mio&ntrit latitude and longitude. The Earth's hnliocsutric tengkuda la tie Sun's geocentric longitude + jEO 1 . 

The L&rq/iiudc ol a celestial object is the angle in degrees (O'-SCC) measured eastwards, between the First Point 
of Aries (T) and the foot of a perpendicular drawn from the object to the Ecliptic, Similarly, the Latitude of a 
celestial abject is its distance in degrees N. or 9, of the Ecliptic, measured on an are at right angles to the Ecliptic, 
Longitude arid Eight Aucnnsion both atari from the Firet Point of Ane*, and both are measured eastward*, but the former 
Is measured in dqgres* along the Ecliptic ; the latter along the C*U*tvd Equator^ in houta, Sc. (but 1 hour fLA, Is exactly 16% 
4 minutes niaetty l'). As the plane of the Ecliptic lies at an Angle to that of the Celestial Equator, however, a movement 
of 1* Lu longitude dobs nut exactly correspond to I" (£jL, 1/lE-th hour, or 4 mmuLos} in R_A„ bocauae (a) the direction of 
measurement im dtflbrenL, and (bj tbs respond ve degrees may dtfler in length on tbs star spliEre—as, for Instance, where the 
' great circle' degress of the Ecliptic traverse the narrower RA. degrees meMUred on the parallel of Dir. SWP. The 1 preresrian 1 
(PrCJ of the First Point cf Aries continually chanson longitudes, the longitude of the perihelion of each major planst increasing 
some S" per century ; but latitudes alter very Little, as tbs Ecliptic Ls. almost fixed on the star s[rbens {p. B), 

Latitude similarly, differs frotn Declination. Bath are measured on ares of great drains on the star sphere, but 
whereas all Declination circles pus through the Celestial poles, all circles of Latitude pass through the Ecliptic poles, 
23^* from the Celestial poles. The parallels of latitude, therefore, are always inclined to those of Declination, and a 
motion of l p in latitude is never exactly 1" in declination-—except along the Solstitial colura (p, 3), which intersects 
tbs Ecliptic and the Celestial equator at right angles, and pauses through both the Cries rial and Ecliptic polea 

Hello graphic, SelenogTaphlG* and Plan A log" raphlo latitude and longitude refer objects to the equators of 
the Han, Moon, and planet*, respectively—ihc equators with reference to the axis of rotation. They thus exactly 
correspond to geographical latitude and longitude, and positions arc denoted by them in the same way—by latitude 
uf 4 of the equator in degrees, and by longitqdo on that equator fnjm a *«ro meridian. Their chief USA is for 
recording the positions ol markings on. the surface, such u spots, lunar craters, Am Anoffmph ic, Ethnographic > and 
Satumigraphic, are the terms for Stars, Jupiter, and Saturn, respectively. 

The acre uwridiaii on the Moon is that of the 1 menu centre 1 of the disc, and longitude la measured E, or W. of it in degrees ; 
UiT Mars sand Jupiter, esc the N.A. Oil the Silu, Jupiter, and Saturn, there Icing do fixed markings, Rare meridians Ah only be 
arbitrary The Sun's IS based On an assumed unvarying sidereal natation psriod cf 2ft-3B days (see p. BO); the longitude is measured 
(OT to 660*ji from loft to right Luolcing south, across the non-invorted apparent disc—i a T in the direction of the Sun's rotation, 
Measured era the star sphere, instead of the body's surface, iufui-, estate^ Ac., .jrtipAw latitude and longitude correspond to 
solar, lunar, Ac,, Declination and K.A, tvut Vftftwjtfrw,. oreaemfrur, Aa, latitude and longitude are usually employed for thi» 
sense. They are used fur indicating the position of the Sun's equator with rcforeuLse to the centre of the disc, the amount af 
lunar librarian, opounote of Saturn'* ring's, Ac.—published annually la the Nautical Almanac. 

Galactic latitude and longitude refer objects to the Galactic Plane (p. 10] or mean plana of the Milky Way_ 

important for problem* regarding the distribution of the stare on the star sphere Galactic latitude U measured in 
decree* TH. or S. of the Galactic Plans; Galactic lengimrlr, from 19fiD, will be counted frotn the direction to the 
Galactic Centre (p. 10) instead of, as previously, from ita intersection with the celestial equator. For the precise 
definition of the new coordinate system see p. 

Altitude. Azimuth, Meridian, ffce*—Theuc refer the positions of celestial object* to the observer's horiisun. 
The altitude of a heavenly Ijody is its vortical angular d istanca in degrees above the horizon ; its orimtilA, the horizontal 
angular diaianco in degrees between the observe ra 9, or N- point, and the foot of a perpendicular drawn from the object 
to the horizon. In the N. hemisphere, ariuiuth ix usually measured from nmith (0*) west ward a, ia., from the 
already defined a* the great circle passing through the Celestial poles and the north and south points of the observer. 
The esnftA and nadir ara the points in the aky directly over th* ohservcFa htad and below his feet, respectively, (h* 
poke of the liorixon; the prune vertical is the great circle passing through the aemth and the obaorveris (wm* and w«t 
point*, correftponditg io the BolatiLLnl colnre in TLA. anti J tali nation. The amplitude is the arc of the horizon between 
the E, nr W* point,, and Lh* foot of the vertical circle pawing through the object. (Amplitude of variable stare, see p. 12)* 
Hour Angle.—The hour angle of a celestial object refers it to tb* Morjlffiatt of the observer; it ia used in crieula- 
ingaa object's altitude or amnuth, the time of its rising or setting, £c., and may be defined a* the difference between 
its Right Asosminn and the hour of R. A. on the meridian at the time cf an observation, or the angle which the houi^ 
circle passing through the object makes with the meridian—for moat purpose* expressed S a hre., &c., of aidercal time. 
It is measured westwards or dockwiw from the meridian scmlh cf tho Polo (9, i!cmi*phoro, K, of the Pole). 
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Position An^le : North Point.— Fta PoeitSon Anglo of a planet's axis, or of any line on iho emr .sphere, Is It? 
indimuinij, to the hour circle (p, 3) passing through the centra of the object. This circle in the most suitable one for 
refe-reticc, ax, unlike the horizon, it lb stationary with respect to the stars, and being perpendicular to iho horbon at 
the instant of culmination, can be used for Sliding the inclination, to the horiion at other time* (nee (JiagiNun, p. 39), 
The Nprih Po%iti is the point on the hoar-circle nearest the ?3. Celestial pole, in th* field of Hew. 

Col Double Stars. The position angle of a double BtW IN the angln which the lino joining tbo mnjpouontii makes with the 
hnur-rirele pawing through the brighter star of the pair. This angle lamnumrad from the AorlA Faint (or paint on the 
hour-circle nearest the North Cdcatiat Foie, in the £ia!d of view } from 0* to going round by E., S., And IV. (See p, 39). 

(8) Son’s or Planet's axil. The position angle is measured to it From the North Point on tbs dine. Thin yam®, thwnghnnt the 
yrvir; hut For tho Son, on lbs e&tnn date it la ai.>uut the same every year (see the A’_d_, and diagram on p 40). The angle 
LB measured from 0‘ to 350' for the Moon and planets, is in fa) ; but for the Son, £. (+ ) or W, ( — } of the hour ciiolft. 

Limb, Cusps. Vertex.— The timh ia the edge of the Bun's, Moon'*, or a planet's disc ; the the boms ef the 
crescent (less than half’illuminod) Moon, Mercury, or Venus. The Ferlftr, flometirnee Baud for oceultatione, tfl the point 
on tilt limb furthwt above the abeerver'i horizon ; distances from the vertex are counted eastwards from O’ to 360'. 

Opposition.—Mora, and the outer planets (p, $2}, are in Gppoffifwm {symbol £}, when IflfP of longitude {or 
12 hr*. H. A,) away from the Sun an the star sphere : thlt occurs annually (Jupiter, 1*1 vr*.), but biennially for Man 
and roast asteroid^ They are then on the meridian about midnight, and nearer the Earth than when not in opposition. 
An opposition ia 1 favourable’ when the Earth and the plonnt are near the point where their orbits moat closely 
approach, and ae thii point is always about the ammo longitude, favourable oppositions alrvayx tufa place al/put ike 
■onu Ait* in the pear (giv«j on pp-32 to 34)v and tho favourableuM* or otherwise of any opposition can always b# 
judged by its newness to, or remoteness from, that date , the least favourable are six months later, 

Conjunction ; Syzygy-—A Mlwti&l object ii in wryimriwn (symbol d ) with another celestial body when their 
longitudes are the ianm, but the term may also denote equality in Eight Ascension—as in A r . A ‘Phenomena/ for some 
objects, Mercury and Venus are in Inferior Cpjy*inciion with thn Run, if the conjunction occurs when they are on 
the aide of the Son nearest the Earth : in S'ojari&r Confmu-lion if they are on the far side o£ the Sun, with the Sun 
between the planet and the Earth, The Moots ia in Sytyyy when in conjunction or opposition, i.a, when New or Full. 

AppUl$a.—An appulve is the near approach of one celestial body to another: the term is also used for approach’ 
ing culmination. conjunction, ic,; as, the appulao o! a star to the meridian, of the Moon to the Earth’s shadow. 

Orbital Motions.—The orbital motion of a planet or comet round the Sun, or of a satellite round its primary. La 
Direct when from W, to Hj Rdrvpmde, when from E, to W.i similarly the aeeining motions of the planet* among the 
stars, a* a™a from the Earth. A planet is ^iofwnory when its mnTrauent is reversing to the opposite direction. 

A planet or comet is in fariAedwn (t) when at the paint in it* orbit nearest the S W u ; i a Aphditm^ when at the 
point moat distant; in $w<wfraf«rvi (□), when 9Q* in longitude from the Hun. The Moon and the planet* are in 
Perigee when at the point in their orbits nearest the Earth; in Apogee when at the point must distant Peritmntre and 
Apaemfrti are the corresponding general term* for a satellite with respect to its primary : for Mars, Jupiter, Saturn, 
f-'crirnarlitim, ftrifotif s and /Vrualttmiit™, are used. A planet’s Elonyatvm from the Sun is the angular distance in 
degrees as seen from the Earth; the Grtaietri Elonyatitm of Mercury and Venus is when that angular distance reaches 
a maximum—not necessarily the very greatest. A comet in lUcextian ia moving avay from the Sun, after perihelion, 
Elliptical Orbits—3Tft* -Major A±it (symbol for semi.major axis, a)is the greatest length, usually exyraatied in Astroc. Unita ; 
midway in it ia the (Wm of the ellipse. T/uf Minor Jxif ('remi-tCLloor, b) is the tine drawn through tba centre at right aoglefl, the 
grretest breadth : th* Fotm —occupied by the Primary (p 7)—one of two points, equidistant from the ceatre, such that the sum 
of their disUhre* from the foci to any point sm the orbit is constant, atvd efiUAl to the major aiia 

TTu Eccentricity (d) ia the If* tie, to the semi-major aria, of the fucila-to-oentre distance ; the jfxidivj Vetftt ( r ^ the line joining 
the centre of a pknet* comet, or satelSite, lo that of it* primary, usually given in A.U*. TK* Apeida (plural of apeia) are the 
STtremitiss of the major MW—the point* ef parihelion 1 aphelLoa, perigee, kc. j. the Line of Aptidet, that axil extended Indftfinitdy. 

The A’oda* are the point* where a planet's or comet's orbit Ictarascta the Ecliptic on the near ephere—ir., when the object is 
In the Ecliptic plane; *whnre thn object croeede from S. to N. il the Aecrndin# node {£1 h from N. to S. tbc node (), 

The Anomdy [frucjffj ia the actoal perihetlon-focua-pklict angle, medaured in the direction of the planet's motion; th* Mean 
AwmaiyiM), that angle calculated for unifcMm, not actual, moticu : the Eccentric Ancmtdy O) is dorived from it, Jfwa-d sine^ 
The Slemimu of an Object are seven factcra required to determine (a) Ftwltion in a[iace of fteorbit — I, the^mi-major axis: 
£, tlie eccentricity : 3, the incltnaticn to the Ecliptic ; 4. the Itmgitude of the ascending node ; 8, iba longitude of the perihelion ; 
( b) Fociti TO of the object at any time — 6, the orbital juried ; 7, fjxHill (position At a known dnte); or, (dine cfperlbblion paasaga. 

Th™ are the tlriioamtric or Fixed Elcmentt— the object's rektion to its primary, the Bun, ignoring other placet*. The 
Barifccntric Elettumi .■ are thuee refbirred to the Mwycmtf#, nr centre of rww of the llolar SjHtptn, instEad of the Sun, which give a 
better average orbit-—^though the heliocentric one corrected for /VTfMrh.ifKXM (diatrtrlisnceH) by the ntlier |ikueU ia inure sisruratft. 

The Qtcit tori flit <}rb\t is that whsph a planet or comet would puraue it; at some sjwcified ifHtADt, the Epoch of f) 4 cW^Iu 7 n, *U 
the plimcia should ccaae to attract that body, and leave it free to move under the attraction of the Bun alone. 


* In nn cl I Iptfax) arlsli, (he sod^p*Hh«]3an.t]W:le sngk k aIwsvi leu, in degrees, than nedeat] •helidfi-aodA, hut the dUTerenre is ■.riding 
U thn w^atrlaitj is imall. u in tbs principal pLansis. Also s planet aLtaliv* iu maximum hetlocan trio UtUade, *boV* the plus* sf tb* 
UftliinM, hslfw*j klirwn lbs hpJ**— at about 6IF kegftodo, for the |B4ntil}j*l plaUBte, which luvc bbmtIj-( shwkr orbit*. 
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Planetary Periods*—The Sidereal /'mWof a planet,, its true period of revolution round the Sun, in the time 
it Ukkea to make a complete circuit round the star sphere, frotu ator to star again, as seen from the 9nn d not the Earth* 
The Synodic or Apparent Period of a planet is the interval at asm* from the Earth'a centre, between anocesMEvc 
oppositions (or eon junctions) with the Sun ; or, for a satellite, between successive similar elongations or eon junctions 
with its primary. Tho Anomofiatic Period is the interval from any point in a planet's orbit to the name point again 
-—for instance brtweca successive re to ms to perihelion or to aphelion ; this period, and also Lhni of auegearive returns 
to the same node, is practically the same a* th« planet's sidereal period. 

The Svnodic period determine the dates of opposition., ennjunction, ike,' the Sidereal period, those of the opening and dLining 
of Saturu'e rings, also or the recurrence of a pboot’a greatest fT, or s, latitude—important for observing Mercury* 
Secular Acceleration.—An apjeurcnt ahorteuiog of tha period* of Sun, Moon, ami planets, as compared with lIlmr e*l. 
CuUted on thB basil of uniform mofcioa—4 shnrtopiug BO minute *B to be only detectable in 1 secular 1 jwriodi, i.a, thfWeoF the 
oretor of a century; it ia eipressed by the number of seconds of are per century the object is ahead of the uni farm-morion position. 
It la aim pined to sup^Kiee that the perioda do not change, but that our day, the unit of measurement, in atowly lengthening (partly 
through tidal ftiflt&oa) by some 1/lOOOth of a second per century, cm the average, SO that after a century the number of days m s 
JMT IS a fraction Less than before. 6^ of the Moon'a acceleration, however, ii dee to other causes than the lengthening day. 

Stator acceleration of the JfWa, about 10" per century (1337 ajdaraal months) 4 of tAs Sun, about V'S per w+twry, 

Rotation Periods-—The Sidereal rotation period of the Sun, or of a planet or satellite, its true period of axial 
rotation, is the interval between a star's successive return* to the same meridian on the Sun's or planet's surface. 

The Synodic or ApptwevtS rotation period of the Sun, or of a planet, la the Interval, os Been frotu the Earth's 
centre, between attecesaiYO returnii of a meridian on its surface to the centre of the dls& The apparent rotation 
perioda of the Superior planete merely vary to and fro a very little on each side of the sidereal rotation periods. 

The Ban arid the pliuKsto—Ur&liUA exempted—have actually the same ‘direct 1 rotation Os the Earth (from W. to E. looking 
south), but to ns are seen revolving; from E. to W., became theliemuiptiEire wt see faces In the opposite direct! Cm from our lltmtopbere* 
The Equinoxes and Solstices *—The Fsratd ami Autnmnttl Equinoxes art* two days in the year on which, every* 
where on the Earth, day and night are equal, wheno« the name. The instant when the Sun crosses the Celestial equator 
into the Ttf. Celestial hemisphere, an March 19-22, determines the Vernal or Spring equinox (also the solar year, p. ft); 
this instant may he distinguished os the literal Vernal equinox, in contrast to the moving conventional Vernal equinox 
uaed for R.A, Th© AntumnuJ equinox is on or about Sept. 35, when he reoroaacB into the S* Oebatial hem sphere. 

The Sohuct* ore on the longest and shortest days of the year, on or about June 21 and Dec* 23 , when the Sua 
attains his grEateBt angular distance N.nrfl, of the Celestial Equator* and ‘stands' for an instant before turning back 
tho Equinoxes and Solstices always keep to theoa dates, by the Leap year arrangements of the calendar. In the South 
terreatinl hemisphere the aeaaona ore reverted, Sept* 33 being the spring equinox, I>eo. 22 the summer solaitce, 

Prec& 3 Blon Of th& Equinoxes is the annual occurrence of the (literal) vernal equinox, about Mar 2 1 st, nearly 
204 minutes (l/25,3€0th year) before the Earth has made a complete orbital revolution round the Sun, so that each 
year, >t that instant, he crosses the Celestial equator at a slightly different point* 25.800 years will elapse before he 
again eroBMs at that point As tho result of precession, every star—except those less than 23j“ from Lbe Ecliptic pole* 
^passes through every hour of R.A. from Oh. to 24 h., oneo every 25,800 years; also the Declinations, every 12,900 
years, awing 10 and fro 47“ (23|* k 2). greatly changing the star* viaihle at a given place, or nornon, 

Prtcaaalon in due to a continuous minute tilting of the Earth's Mia by tha Bun and Muon, which i»U*cs the Celestial and 
equator (always overhead at thorn at the Earth] to change their places continuously juin mg tills store in harmony, 04 that mch 
Bucnwusive moment the Celestial equator interrecta tb? Ecliptic at a slightly different paint (in the opposite direction to the 
Barth's orbital motion) of the one it would occupy If toft undiBEurbed. Thus prtcBBBitm ia oantiniamEB, not a yearly jump. 

The tilting is the remit of the bulge at the Earth's equator, inclined conaiderahiy to the plane of tier orbit round the Sun, 
and also to that of the Moon. Half of the bulge Is above and half below the plane of the Earth'a orbit, part of it considerably, 
aod the Sqn's and. Moou'e pull on the elevated (or depressed) portion nearest them I« stronger than their pull ou the mors distent 
deprcBoed (or elevated) portion Oppomite, This tends te tilt tho Earth's axis towards the attracting body, and, hy the gynwcopic 
law applicable to the rapidly-rotating Earth, cmawm the Earth's axis (which would otherwise always point te the aarue position 
m the star sphere) aod the Oeltoatial pulffl to rotate round the poles of her orbit (»*, those of the Ecliptic) in circles 33 J" distant 
from them, suit la a period of £5,600 yearn, displacing the Vernal Equinox in the opposite direction te her orbital motion* 

The Amount of Precession- —Every day the Celestial equator Intersects the Ecliptic at a point about l/?th pf 
a second of arc W, of tbo pewit ton the day lief are at the same hour, so that ILA, is measured from a slightly different 
paint on the star sphere each day, and each March 19-23, the literal Vernal equinox La 5G"<2G W. of ita position a yrej 
before—-about 8 seconds of R, A-, or 1/37 of the angular breadth of the Moon, or 1" in 71’fl9 years, or I “-308 per century. 
Thus the First Point of Aries—which some 3200 years ago woe in the comtollatinn cf Aries—ia now 50“ to the weat^ 
in the ccuBtollation of FIhcoh. Star charts soontr or later ceo#e to give rcafianabiy accurate posit in us, owing to tbii 
change in the rero-point an the Ecliptic, amounting to a wholo degree, or twq JAaonrbreadthi, in about 72 years. 

Ed Star Catalogue* tha pteofetaion itv fi. A. and Dvdiliaticn rt|Krtei.*UU the CO-mtlinatfA of the total annual ]inoar prerOssicnal 
morian cf each star along the Ecliptic. Noar tha Celestial poles, the figure* make it oeem very great, but as regards actual 
change on the star sphere tliay are miitlaading* Among the closely-crowded nearly-Hsonverged hnur-rirdcE ttf ILA near tbs [KiJes, 
B movement of many Muouds in R.A, T aa pq«iuHured along the very small pieclinatioD parallels. Is only A lbw bcoothIa Wheq 
converted into Equatorial grtaKilrcIo meaaure In opiresithlE a «ter |km ition for pTWMSeiou, atid like tiynt, ruhtmet unlike giant 

* At Ilia SelHtltlsl t'cimte, p. A 
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Nutation.—Hie prMMfiQn&l path, traced on the star sphere by the CelettiAl Pula is & t-uvy Line varying slightly 
from a true circle. Thin irregularity is called jVWaiieft, being, u it were, a ' nodding 1 of the Celestial polos to and 
from from the Ecliptic Folea, and the ugh minute—about 0" on each aide of the mean, or IS" in 18} years—perceptibly 
modifier the preccsiianal displacement in 11, A. and Declination. The Earth’s axis puses the mean position about 
2800 times in the 25,SOD-ye?ir period. N utatmn is due tn the Moon's being ao oat times above and sometime below 
the Ecliptic, end an not always pulling on the Earth'e equatorial protuberance in the same direction as the Sim, 

The *bore figii™ fur nutation give the Nutation is Obliquity —the total motion of the Celestial Poles to and I’m from the 
Ecliptic pdw Nutation in R.A. i* its co-ordinate njftfij&ured along the Celestial equator } and Nutuium in Lanythtd« t 
or the Equation of the Pq uisawi, ils oo-orditiam wuumred along the Ecliptic. 

Variation Of Latitude.— &tar Declinations show minute irregular cyclic change* up to CT'fU, dur to the Earth's 
palcH wandering round her mtsm rotation-as is counte relock wi*e—the combined result of periods arising from (a) that 
« tt differing from her axis of figure (433 dys.); (A) meteorological changes (lyr,); M departure from miatn, 60 ft. 

Primary, Satellite.—Two (or more) celestial bohios which revolve round a common centre of gravity arc 
physically ponMGtidi the larger ia the Friary (the Sun, for planet* and Etimefei), the smaller, the SatoRits—w for stare 
the Gompan ion, which implies visual proximity, hut not necessarily physical iron wee rum. Stars with motiona simitar 
in amount and direction on the star sphere (Moving Cluster*, p. i I), aro also taken as being physically connected. 

Phase denotes (n) the extent to which the disc of the Moon or a planet, as seen from the Earth, in illumined or not 
illumined by the Sun—in tha latter case, its Dark Photo, or Dtfet of IlUnninalio w. (i) Appwrance or roufiguration, 
ax in the Jf.A. ‘Phases of tha eclipses of Jupiter's satellites'; Atfmi in also used in this sense. (a) The stags uf progress 
towards maximum or minimum of a variable star, + denoting the No. of days towards the former, - towurdn the tatter, 
(d) In any periodic phenoiucnoii, the fraction of its period which has elapsed nines the last occurrence of a given aspect 
Dark Pk&M is greatest- ta the Superior planet* when they are in QvtadrMUrv (□), M., 90“ longitude (or 6 h, 
from the Sun* ami therefore on the meridian about ffa.m. er 0p.m. As ptiftte decreases with increasing distance from 
the Earth, it ia only observable on Mara, which becomes gibhfw —not quite a full disc-—and on Jupiter, to the 
extent of a alight shade along the Limb furthest from the Sun. On the other outer plane La it la wholly uninvasu ruble. 

Albedo.—When sunlight falls on a planet, part is absorbed* the mat reflected ; the Albedo of the planet is the 
ratio, to the total sunlight required, of the light it reflects in all direction*: this cannot, be determined, from full plume 
alont, and different formulas give rather different reunite in mm cares* see ths Table on p, viiL 

Refraetion.—All observations of position have to bp corrected for al .mespherie refract ion, which raises a celestial 
object higher in thu afey than its true poairinn, by fnlly at the horizon, decreasing to 0" at the zenith (Table p. x). 

AbSPratlon—-The velocity of light is not infinite compared with the Earth's orbital velocity, and the two 
velocities combined results in a small variable duplacement (tnnx. 20 ,r -*7 on each side) of oelentia! objects from their 
true positions; the Earth's rotation cutises a leaser aberration. At the end of a sidereal year, however, a fixed star 
returns to its original place, bo far aberration is concerned. 

Apparent: True -“In astronomy 1 things are not what they seem,' in liters! Fact. Movements actually seen, 
and positions read off, by ths observer, are in general not the real movements or positions, owing te refraction, aberration, 
Earth's orbital motion, Ac. t and are therefore called Affitamn .f or observed movements or positions—Apparent Tim** 
Noon, ft. A., morion, A*. The JViw (real) values are ‘reduced' from the apparent ones by eliminating the effects of refrac¬ 
tion, and other factors modifying the actual values, but sometimes ‘True’-^Apparent,'us In True Time, True Equinox. 

Epoch-—The date for which an astronomical catalogue, chart, or position, Ac., Ima been calculated, u, sooner or 
later, procession, proper muLlari, Ac., perceptibly change the positions given, and comparison at future epochs would 
be uf bide use without this date. The usual date is Jan. lit of the year; that of 1950 is a standard one. 

EphamorlS (plural Ephemeridcs). Any Table of calculated positions, Ac., in connection with a celestial object. 
The Jowrricrirt Bphimgri* corresponds to the British Jlfau tfctd Ahnanac, and ha* same Tables nut given in the latter. 

Equation.—A small mHrecfcion ou the figures actually observed, to eliminate instrumental, ocular, and other 
imptitfrtofehHiaj grouped together as jSysiemufiii Errors —Le., errors that always recur when the observations are repeated 
under the same conditions, and with tilt} same instruments {dceidmfd 1 Error* are those that dp nut recur, as from 
abnormal refraction, Ac,), Also a similar correction for orbital irregularity, u in the Equation of Time, and of’ the 
j&quinonsu For tbs error* of the eye in observing, «e an intents t-Eng paper in the J.B.A.A., vnL 39, p.A 

’flu Personal Equation of the observer affects observation* of every kind, and for refined work has to bo found 
by exporimenl; the transit records of one observer are regularly late or early compared with those of another oheervur, 
Colour and Matrniiiute Equation, see p, 17. Transits of the same star recorded Ln the hours after sunset and 
before sundae, roapectlvely, also seoux to require on equation, a difference of some 0'0S second having bean noted. 

Fundamental or Clock Stuns, are Stare the positions, Ac., of which have been measured with the utmost care, 
and which aro ivi- E as reference points for finding the It. A of other stars with less labour. The positions of these 
■tare for each dnv is given in the JF.A. j tiusy are called 'dock stars * because they are used for regulating the clocks. 

Dependencies' * short, and accurate method of measuring paitEtkms on alar photographs from the DtpmdorwO 
Cmt-rt _an imaginary point, clou to the image of an asteroid or planet, the position of which can be exactly calculated. 



* ASTRONOMICAL TERMS, 

A Day is (a) the axial roEAtion.period of the Sun, M™, or * planet; (h) the* interval between suceessEvft returns 
of a celestial body to m ab^rrer'i meridian. With respect to the Sun, or i *t&r, throe 1 days' are Died in astronomy:— 
L 7%* ortlimiry Solar Day of 2»i boura—strictly ^jieAlciiijr the slightly irregular Eutcrvnl t®twcen sucwiMVa transits of the mil 
Bun, but in praatioa taken m the unvarying; interval between thea* of on InuLginaiy * Maiuo San,' «4J tMtad to themysro^w 
BUtur lier. The true ■ular day m nritblit lo the extent of 61 net:i> nilw between the extreme*, being SO seconds over the 
mein Jidar day about Dec. and Si sSdoudft under the mean slxnlt Sept. 17. A no* d*y or date uu tho Earth begins 
™ the i-hila im# — the meridian 180" E. of Greenwich, with deviations Jdr gnlgnfdHni, &o. t reasona Julian Day, p. S, 
The Longed Mid Sh&rUtt D.iyt are at the Solstice*, hut owing to the diflerenee batman Bund ini and Mean time (local), and 
to changes in it resulting from the vary tug hour of aunaet or sunrise in diflercol JalitudiM, the dates of uarliuit rising and 
Betting vary from the actual notnticml with the latitude ThortJ art IWtusirliEHte Mud latottM ill low latitudes (ten p. ail). 

% Ttu Sidereal /Jay (ocrovontiocal) of 3-1 nidcrfiid or It A, hours, the interval between *wcew*i te transits, not of a star but of the 
ever-cnnvuig Tl'ue E^uinci C~3h. 66 m. 4 01.06 seex ttloati ttiue}: it is realty the ajoinociinl sidereal cIsy, used in prefer- 
Mica to (3) Wwuse the Sun's It. A.—being always </ about March 31—IS always about the iwue on a giyt-n day of the year. 
3. 7ft* True Sidereal Day r tha interval between aucoeadve transits of a atar f23 b. 66 m. 4’GfltKl aeca mean time}, k the eta t 
period of tha Earth 1f a a&i*t Nstiun. Each year it falls behind (g) by 3 3 Bode, mean time, or exactly 1 day in years. 

A# this is nearly l hour per 1000 yours, the stare familiar te us now u winter, spring, Ae, stars will in socoa OOUQ yana 
ha tillage of autumn, winter, Stc, Tim true sidereal day is (irregularly) lengthening aIwuI l/lOOOth second per cenluly, on 
the average; in harmony, therefore, tha sidereal year, siprosud in days, iVu about l/3rd. secxjnd century, 

A Lunar Hay, tha in terval between supceasive meridinu transits of the Moon, varies from 24 h. 33 m. u> 25 h, 6 m,, 
and average* 24 hre. 51 a.; it dutcrenineu the tide-interval from high water tu high water, which, is /wtfj' & lunar day. 

Our Mean If’Viws (Mtan Sohr Time) is based on the mean solar day; True, qt Apparent Solar Time., or sundial 
time—which varies slightly from day 10 day—on the San** actual southings; Sidereal 2'line, on the sidereal day. 

The Year.—The riefetr, Equinoctial, or Tropical Year (365-2422 solar or 365 3422 aide real dys) in whmb the seasons 
recur, is determined by flueaeteivc returns of the Sup to the aame atjulnaje; or to the same , tropic p or 'solstitial point, 1 
the point on the star sphere whom he attains his greatest distance X, or 5. of the CVlettiiai equator, on mid-«uuiuier or 
mid-winter days : ’tropic" also denotes the Declination parallels on the star sphere passing throogh the solstLtial poiute. 

The Si tie retd K'ar (36 6'2564 day a) is the interval hntwpon succeasivn conjunct kona of the Earth with a star, a.- 
seen from thn -S-tio ■; it is the true period of the Earth's orbital revolution round the Sun. (goUryearis 20j inin loas}. 

The dnuNta/wcic y*tir (3S5-2556 days) ia, the mean interval between the Earths rate ms to perihelion about Jan. 2, 
as it wies a day or two on each tide of the mean, perihelion may occur twice in a calendar year, or net at all. 

The Julian Year , «ued in our calendar, hoi exactly 365 33 (355^) days- the fraction is adjuated by having Calendar 
Year* of 365 or 365 days, the latter in every fourth yojtr dhieibh by 4 (leap yr.). All years have been. Julian iinrii the 
Julian year was instituted in 45 b.o., except (a) 1562, which by the Gregorian revision of that year had only 355 day* 
(Britain and its American colonies substituted 1753, which had only 355 days instead of 3G3), and (A) 1700, 1800, 
1UQ0, rastrictsd, to 335 days by the now Gregorian rule omitting leap year in century yean not divisible by 400. 

The ZutHir Tflwr {354 3670 days) of twelve lunations* used in the Mnhommedan calendar, has twelve months 
of 29 or 30 days each, bated on thepActstJ, or first observer!on, of each Kew Moon; it may ba*a 334 or 355 days, 
R&smT* Fictitious fu»r, uwd in tho JIT.A. 31ean Star Flacca, begins at the instant when the Sun's apparent mean 
[ongitude la 260*, on Dec. 31st civil date (in the JV.A. 'Jan. 0,' to which it corresponds), or on Jon. 1st, 

The Edijutt Year (346 6200 days), the interval between successive returns of the Sun to the same node of the 
Moon's orbit, ib the period of possible recurrence of both solar and Lunar eclipses, which can only take plane when these 
bodies are within a smalt distatmo from the node. If eclipse years are 6585-76 days, almost exactly the same u the 
ancient 'Barns' rycle of 6385 L 32 days, (18 03 ym), the period after which the aameootipBea occur regularly for ccnturjeR 
A Manets Ytctr denotes the period in which it completes one orbital revolution round the Bun. 

Lunar Months. — 77w Month or Lunation (mean, 2S-53059 days), the period from iiow Moon to New 

Moon, or between similar phases vanes between 2f J and 2fl j days. New itoons recur on the same day of the year 
STery 19 year* (subject to leap-year disturbances)—the ancient Jfetonic Cycle of 23S lunatioos, or 6240 dsya But 
four cycles were found to displace recurrence a whole day, 235 Eunations only amounted to 6f39j days, so tbe more 
accurate Caffijopie Cycle of G&39j day* k 4 wu framed, which adjusted the error on the wmie principle an leap year. 

The Anowafhfiic Month, from perigee to perigee, 27-55455 days on the average, is the period of the Moon's cbnuges 
in angular diameter and luminosity, as seen from the- Earth ; it Farias a day or two on each side of the mean. 

The Sidereal Month (mean, 27 32165 days), the period in which the Muon circuits thu star aphcrc from transit at 
the same instant a* a star hock to transit at tbr atuno time w ith it again, ia al.-aj tbe short-term period (p,38) in which 
an occultatinn may recur, or in which tbe Moon's douo pruxitoity will again binder the nhaervatinn of a star. 

TJ*e Sod Month, or Draconitic Period 27 , 2l!ili^iln.p) l from a node hock to the same nqdis again, is also 

the period in which the Moon again attains her greatest distance N, or B. of the Ecliptic: it varies from about 27 to 27§ 
days. An the 11 non'* node* travel westwards along the Ecliptic about 1^* per month, her path (vwp completely 
round the ■tar sphere ip about 154 years’ the Ecbptio therefore mpruacnia the Moon's a-ivraye patli. or; the star sphere. 

7 T he Tropical Month (mean, 27‘32153 days), the Moon’s ported from conjunction with iho True Equine* back to 
sort junction again with that Equinox, Li the period after which the Moon has again the sania longitude. 



AMTnomxwdL rmus. » 

Sidereal Time, nsad for TneHJiann.gr R. A. ia the interval, in sidereal hours, mL 1111 lea, and seconds, since the pre¬ 
ceding meridian pajssacc^ at a given place, nut of a ater but of ike True Equinox t>e First Point of Aries ; each sidereal 
tiQTir la l/24th of the average interval (see below), and D'83 secs, mean time shorter than the mean aotar hour,, making the 
sidereal day Snt fi5 0|a (mean time) shorter than the mean solar day. Each observatory has a sidereal clock keeping 
this time, ta give the hour qf ft.A. qn the meridian at any time (Table p.xiY); at Ohra, by the clock, the True Equinox 
i“ on the observatory's meridian. An that Equin ox U not dingily observable oil the meridian, Lhq cloak la regulated by 
observing transits of 'dock 11 stum (p, 7) el known position, given in tho A^J. 

Sidereal Time is thus a burnt sidereal time, measured from, and keeping stop with, the True Equinoi of data, hot differing 
from tin sidereal tame of every other olwervatory not On the Itmo misridkiL Being mcajiured hv a dock it in A Uniform 
tima, but it 1* not detwl tHiitrwl J\™*, the interval batweno pucccAAtivH tnumita of the True Equinox being slightly irregular; 
the diflb*cnce from the dock time, however, ti too small to qmim practical inconvimiiinca. 

Untform or Mean ^cfontd Tim* has the game relation to ordinary aMereal time as ilean Time has to True Time, 
U i* measured from tho J/«n equinox of date, instead of ths True equinox.; the difference never exceed* ± 1 Seeoa 

MeAll Time, shown by ordinary clocks, in tho interval since the preceding 'mean midnight,' or instant when, during 
the night, an ordinary clock, oorreutly regulated to the average length of the mean polar day from noon to noon, show* 
12 hr*,, or a ill-hour dock shown 34 lira. 31 van Jfoan ia the instant when mean time docks indicate XII, at mid-day. 
Each country hoa its own meridian for 0 lira.., (see below 'Standard Time 1 ). Local Moan Time, see below. 

Apparent Time or JVw# Tun# i solar), ia Sundial or Local Tim*, baaed on tbc observed interval{varies slightly* 
p. 0) between two successive transire of the Sun's centra at a given place. These difference^ by accumuiaLioin may 
mount up to +15-13 minutes from the mean interval, then bp obtain the true Local Mean Time, a correction called 
the Ufuoiinii of Tims has to be added to the True Time, or subtracted ; tbit is given in dnumsp, ipmetimea bn the 
sundial (Table, p. xii). The Sun and clouk agree, however,, on or about April IS, dune 14, Sept. 1, and Deo, 25. 

Astronomical and civil {Mean} Time.—Ekitb begin at midnight, the former starring at Ohra, tha latter at 
12 a.m., and are tho same till noon—in Civil Time 12 p.iu. t when the hours begin again with "p,m.\ bill midnight. But 
Astronomical Time, to avoid confusion with a.m. and p.m., continues 13 hr*., 14 hex, Ac., to. 24 hrs. or Ohrs., midnight. 

Interval between two Phenomena,— Tilt Dec. 31, IU24, tho astronomical day ran from MOn to noon, aft that it*kdv twelve 
hoars fsrt in the following oivil day. An this caused confusion, pn Jan. 1,103&, the astronomical day beginning was put hack 
twelve hours, to coincide with the civil day. Henna in finding intervals, une before and the other after midnight Cot 31,19S4, 
to obtain tho trim interval, I* Ainurv mwjf A* d&lucted from tbs apparent inlarVJvl amTed wC from die jV J, dates and boun. 

The Iwst way to find long intervals is ta convert the dates into days of ths Julian Period (sue ImLow) by the N.A. Tobins. 

Universal Time (U.T., T.U.), [Britain, (frtvntaieh Mann Tims (G.M.T.) ; Germany, TFeff«if, World-time, IF.^?.], 
denotes the Mean Time for the meridian of Greenwich, starting at midnight for both Civil and Astronomical Time, 
Outside Britain, ffrsrwMiisi'i Civil Tim*(G<C.T.) wo* often used for this time till the LA.U. adopted U.T., 1&35. 

Noon te linen Mtraqamm&J time, when required, is design*ted G.3f.A.T r — Greenwich. Moan Astronomical Time. 

Standard Tim Cl i* an international arrangement for facilitating inter-communication,, whereby fa) Greenwich 
ii taken ax the universal aero of longitude and the*, and (b) the official mean time of each country or targe district 
differs from Greenwich time by an exact multiple of half an heur. For the various standard Times «e almanacs. 

Local Wean Time, required for finding the clock time of sunrise, *outhing of the Sun, &e r , ixthe true time 
of the meridian ef a place. On the standard meridian, at a given hour, the local time is alow compared with that 
of places to the E., where the day begin* sooner, but £a«t compared with that of pi ares to fcho W.{ hence to obtain local 
mean time, add to, or subtract from, the standard mean timo, 4 minutre for each degree the place is B. nr W., respect¬ 
ively, of the standard meridian. Thu* If using, in other places, the Sunrise and Sunset Tables calculated for the local 
time of the standard meridian {see the IT.A.\ the longitude correction must be juifrrtcfed for J&, addtd for W„ u the 
phenomena take place earlier and later, respectively, than at the standard meridian. 

Uffht TlmBj the time taken by light to travel from a celestial body to the Earth at a given moment, has to W 
allowed far when qpmpating iruu rotation period*, Jcc. For the Sun, at mean distance it in secs, (8 r 31 min.); 

the maximum ia about B'int., tha minimum, b-zm. The observed maxima and minima times of variable stare require 
» fa - tight-time con cotton for the Earth's position, as period* are stated for the Earth at mean distance. 

Ttafl Julian Foriod ured tocalaulatci the exact interval betwceti dates at long intervale apart, otaris on 

Jan. l t 4713 s.a„ at noon. The Julian Day, or JWb»n Dal* (contracted J.D. 3 ii the number of day* that have elapiod 
•iirw the beginning of the Julian Period; a Tab)* ia the JV.J. gives the Julian Day corresponding to Jan. I of each 
fourth year from I n,ct f which the Table call* 1 *. &. O', In ordinary chronology, a.D, l is the year following 1 itc., and 
iu there 1 * n& wroyear* whan n r c, and jud. years are added, the resulting period is ona year too great; or, if subtracted, 
one year too little. Calling 1 n.c,, "A.D. 0 (astronomical)'; 2 b.c,, ^I b+O, (astron.)/ and so on, gets over the difficulty. 

Far astronomical purposes, decimal* of a day are employed with the Julian Day, instead of houim and minutes* 
as addition and subtraction are easier; thus Jan. I, 1023, 9 p.m., astronomical time, ia stated ea J,D r 2,434,,M7-375, 
rnokonad from noon. Bnt the .l uli&n Period being ntill reckoned from noon, net midnight, note that all astronomical 
hours leas than 12 la. On, (or -ft day), still belong both* Julian Day pivtMling the civil date. Thus Jan. 3, IS 5ft, 9 am., 
^.itnmomical tlme^ is J.D. 2,324AK'37>S r i,*., Dee. 31 192?i. 91 hr. 1 ,, nf the JalLan Period. (Drdmala of a dav, p xr> 

* fsomrtiin-tiil J,A,£),—J u1T*.w Aitrouflilllie*! JJay, 
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IIL THE GALAXY AND THE STARS 

The Gaiactie System.-—Though aagaojou* ddJijcnLiims a* to tho structure of (.lie Universe had been prevaouily 
mode, nothing iraa known from olwfVDti^ti till 1 785, when Sir W. Keiraehftl eanctiidedf from tliedfstrihcitiyn of the Btnra, 
Mid t.lie relative inogniludes of the brightcai- and fain Lc&t atum seen in hi a 16-f-inch telescope, that the Galaxy »w in 
the form of a thin len»-KHn,$wd diee, ilil at one end lengthways where the Milky Way brandies Its length he stated 
u,H about sek time* its greatest breadth, anti he believed that the Bun wae near its centre* bot mi nothing was known 
of liiu distance* of oveu the brightest and therefore presumably the nearest stars (except that they were greater than 
that ourrenpondlng ro l H annual parallax), he could only state the dimttndions in what he called iSfiritrmrterJ, the (un¬ 
known) distance of iSimw or an average first magnitude Star; this could be converted Into actual dimensions when the 
parallax became known. EspneHsod in modem unitH, BcttwUeV* ditnemdun* are &93G light-year* across,, ICfl-5 through. 

When* however, the distance* of the Magellanic Cloud* (p. K5 and extra-galactic Nebula* became known, our 
UnEvensci wasfooini to have definite limit*, and to he merely an ’island universe 1 —one oat of milliern of similarlyttem* 
*epn rated by distances of million* of light-years. Oar Galactic System—containing some 30-100,000 mill ton •tars, and 
perhaps larger than tbs other*—seems to bs in the form of a Eens-abeped disc some 100,000 light-years in its greatest 
length, and some fi£K>O-10 P D0O in its greatest thickness, with a spheroidal centreporimpu 15,000 light-year* in diameter.* 
The stars are greatly isundeosed towards the galactic plane. 

The Galaxy i* In rotation round Tbs (jalactie Centov, acme 30,000 light-year* from the Sue, In the dense star-clond* 
at the location of the radio Arnrw#-ftijri+»flviii* A about vdsetic lat. 0 anti long, S3** (old aystiiu, Map 131—there 
is nu evidence for a cantral Sun, once thought probable—and the rotation periods of its members decrease with 
distance from the centre, those near the Bun being about 335 million year*, at a rpecd of some 275 km/wes. 
(171 ui/seca.). Thu ftotaivmtil Ttrm of the Galaxy is the rotational velocity round the Galactic centre corresponding to 
a given distance from that centre (but may bo n*ed of any term arising from galactic rotation): being proportional tt> 
the distance, it can be found by measuring the inteniily of fpt®r*re]Lur tines, (p. 23 ; see Tvb r D.A.Q^ vol.5, 1933). 

i'Tovaf, Wolf-lUyct star*, Ophuid varmiiles, Planetary m-btiim, the Gaseous nebulas, stara of Type* B and S’, and 
eclipsing binaries, show mi unusually strong preference for the Milky Way and its neighbourhood, while tha Globular 
dlustprsi and Extre-gulitctic nebula aoum to avoid ft—now believed to be largely the result ul thu opaque matter 
being distributed more thickly in the Galactic Plane, similar to what is seen in spiral ncbul® viewed edgeways. 

It ri probable that our System of star*, globular and npni clusters, gooBuus nebulm, and dust cloudy is a spiral 
nebula someth tug like the Great Andromeda Nebula, with local ccudemattians in it* arms, in unts of winch the Bun 
is situated a little above the plan© □! the Galaxy—the Galaxy being a ‘small circle' of &iP (Struve). 

jl/cfiff/ct/firlii L kSpucis is space outside the Limit* of the Galaxy ; Anayn/twtie that within it* limit*. 


Interstellar Matter.—Tlte space intervening between the members of cur System is net empty, &* was ones 
thought, but is occupied by matter of eKceeclina tenuity—which has Insert computed ms lieing of tliu under of 3 mince* 
per lOUQ cubic mile*—rotating on the wholowitfi general System, and revealing it* pre-aunc© by ‘interetellaf tines' 
(p. 23), and_near the Galactic plane, where it is denser, though elsewhere iunti p , Ly evenly distributed—by iigbt-alsorp¬ 

tion, which redden*- the itar* (p,32). I'here arc also vast opaque clouds, probably uinatu dust parti-ales, to which the 
irregular breadth and out-Huu, and the rifts and gap-’*, of the Milky Way, also the dark patches tlacwhere, are partly due. 


The Galactic Plane, parsing through the central Lino or equator of the Galaxy {Galactic I at, 0*), i» of 
fundamental importance in stellar study, owing to the peculiar distribution of varioo* classes of object* with respect 
to it (see above), This plane 1* completely defined by th© pns.jt.bm of Its N. pole, but authoritiei vary (»ee below). Tho 
LA.T7. (1932) recamniEmd a* the Standard System fnr*ratiHtical purpo-wB, U.A. !?£>*, Flee. + 28% 1900 (Ohlawn, practi¬ 
cally Argelandw's), For &d*tsi*d Area. i. Harvard USOS Gotlld 1 * Valut!; fur Galactic Chart* 17-18, the Standarrl iauacd. 

The Galactic Equator.—Authorities cliHer somewhat ns to its course, a* is not mmaLural owing to the very 
irregular outline of the Milky Way c reference to the rough outline in the star maps wilt show that in several peaces 
the Galactic uquatar cornea noftr the edge of the visible Milky’Way, the observed central Lina of which averages 
about l'S. of ih© avlual e^oatn-r. NewqQmb'ft position for its ft. pole (we below) include* the ‘branch/ 

The North Galactic Pole in about I" W, of 30 Comas Ber. (Map El), whore the extra-galactic Nebula duster thickly ; 
the Table give* variousenUmat-ce (rialtss not rfjochs): thn 5. GtiiactieTcyte i* near nebula H. VJ ?0 Sculpuirts (2^ Map i), 
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nquntor where It s* intei-wctcd by the wlwtid eqn*t©r. *t OH R.A t (1 hosim frrnnt^r than thrit of the galactic |^iV, fn thn tirw 
KVflrein this I* no lonfar the nano t the «®a!-drcl© of wre lonritndB in chnnnn to pan* thnEnph the pnwijnitd gAlflotte centre iti 
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The Milky Way or G&l&xy* eompOHad of rnUlkms o£ minute stun, obaervatignaily forms n great ring «tending 
right round! ibo star sphere, inclined nirtiLit Cl' tfii the Ecliptic plan^ nod slit lengthways rwt ODfl part. It IS brightest 
in Cvgnus and Aquila (X. Hemisphere), in Scorpios and Sagittarius (S. Hrmrispbera), and fain teat in Monneeros. 

Between Cygnus and Scorpios the Galaxy farms two narrow parallel hnudi for tome 1 IQ’, then it is very much 
broken up and complex for a considerable distance, hot brighter, especially in Sagittarius, where the individual star* 
in the star cloud* are so densely parked os to be mdiatingoinh*hle (not well seen in European latitude*, an they south 
low in mid-iiimcnar). In Argo, near Canopus (CO'S.), the Milky Way in (visually) completely divided across for a short 
distance* hut near Qanis Major it again becomes a single, though fainter hand, which narrows to about 6" in Taurus, 
and broad™ $ out once more in Fnraftne and Cassiopeia; ltd very variable width avomgoe 15’, but in places it is 20’ or 30*. 

The Cad Saak, a ruiourkable gap (starless to the naked eye) in the Mi iky Way, near the foot of Crux, appears 
Like a dark abyss in the surrounding brightness—largely due to coni rose, as, in a photograph, the area is much brighter 
than in the non-gniaetic regions in the vicinity. This gap, similar hut smaller gaps in Cjgnus and elsewhere, also 
the Qreat Eift in Argo, are believed to bo duo to dark nebula (p. 13J* Intervening between us and the Galaxy beyond. 

Stellar Photographs taken on erdi nary platen, differ in general from what is men visually, owing to what may conveniently 
bo termed odour index effect^£c t stars bluer than AO bring photographically brighter, those redder fainter, than they *F* 
vimudly (p, 16h Such photos show fairat B stare bright, and bright M stars faint, making familiar visual groups nnroooguiMibk, 
Photographs of the Milky Way (sectional) are given in H.A>, vola. 72, SO; other* are \u Hit Afilsfotram (Gone), Hamburg I$Sl, 
and in Hantibuch def Jitrvphmk, toL & (SJk _ 

Double Stars are stars which to the naked eye appear as a single point of light, but when viewed through a 
telescope are found to be composed of twu start^not necessarily physically connected, as they may simply happen to 
be in the s*me line of sight. Trifdt Stan have three, gvauWy&r tfar* four, and multipit tiara many components, 
Where one of the stars is af a much smaller magnitude than the Other, it is often styled a totnt j (plural rcrtUtAl) or 
companion. Tho most interesting ‘doubles,’ ike-, are indicated in the Notes upi ended to each star chart 

Binary Slaps oro double stars which are 'physically connected/ revolving round a common centra of gravity, 
and not merely chancing to be in the same Lins of eight Spectrowopic Smarts* are those found to be binary by tho 
temporary doubling and displacement of the lines in their spectra, although too close together to be ‘resolved/ i.*,, soon 
separata in the telescope, Visible binary star* have period* varying from two years to many centuries. If the plans 
of their orbit is in the line of sight from the Earth, they may be seen to approach closer and closer together, and 
at lost appear feu tits ays ai a single point far a considerable period, afterwards opening out again. 

In a binary system, the morion of the companion it direct when the position angle is increasing in degrees, and 
refroprfld< when decreasing. The smaller star is sometime* said to be in poriarfron with the principal star, whoa 
actually (as distinct from apparently) nearest to it; and In a/?MMrtren when furthest from it. 

Star Clusters are small groups of start, crowded mum or less closely together, which in the telescope arc 
glorious sight* (see Notes, Star Charts), Star Claud# differ in being portions of rite Milky Way itself in which the 
stars an on closely packed as to appear as a continuous irregular bright cloud : they arc moat conspicuous in Sagil.k' 
arm*, in which the centre of the Galactic System seems to be situated. Star cl us ten, proper* are of two kinds . 

Globular Cln»U>Ti are globe-ahaped, densely.packed manes of atari, thinning out rapidly at the edges of the central 
condensation, then slowly when the distances between individual stars has become considerable; MIS in Hercules. 
(N.G.C. B3G5) « a typioal specimen. Over 100 are known,* few nearer the Galactic Plane than about 10*, and all Us 
in the region between HIT and 41 s Galactic longitude, which indicates considerableeccentricity with respect to the Sun. 
They also occupy a place opposite to the majority of the Spiral pabulre, being mostly in Ophiuchn* and Sagittarius. 

Op*n Clutter# have no central condensation, are more Or less irregular itt form, are often osaocLatod with 
nebulosity, and are most numerous opposite the region in which the Globular clusters predominate. Tho Prtesopo in 
Cancer exempufies one type, somewhat resembling an open Globular cluster;; the Pleiades, in Taurus, represents 
another type, an irregular, yet well marked group, the components of which have a common motion. 

Moving ClutUr* or Star Group* am not clusters in the ordinary wuse, but groups of stars which have evidently 
irome intimate relationship, u tliey are moving with similar velocities toward* the same point, on the star sphere. 
Proctor termed, this phenomenon ‘star-drift/ The individual atari may be in widely different parts of tho star ephrire. 
The best known are the Taurus, Perseus, and Una Major groups : the latter includes ft y t I, *, £ of Ura* Major, and 
the apparently unconnected stars £ Leon in, Sirius, (5 Eridoni, /3 Aurigra, and a Coronw Boreal in. 

The Local Cluster, inferred to exist from the study of par* II ax ex, magnitudus, Ao, is believed to be a bun-shaped 
aggregation of stars, like a very open Globular duster, to which our Sun appears to belong, and in which he ia situated 
a Iitrie to the north of its central plane, and aomc distance to one side of iu centre. Ita central plane is inclined 
10*-1 5' to the plane of iho Galaxy, and its stars are relatively noar us, compared with the Milky Wnj t and compare* 
lively close together, while its diameter Is of the order of 1000 parsecs, n? 3000 li^ht-yeara. The majority of the 
brighter B stars seem to belong to this cluster, and according to Shanley its apparent centre is in Carina, 

•So* L]«t ia fT,A n VoL 70 r*&J tf.V.G. 77iS- 
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Variable Stars are tlhnae which wax and wane In. hrijgh tores; there are mnny varieties, which afford a. useful unci 
interest! nij study for amateur observers. The Amplitude (^ p visual, photographic, &e.) id the range of magnitude 
between maximum and minimum. The more important typos are given below (Seo Notes on Observing, p. 43, and 
on Nomenclature, p. ix). 

When ci variable star is, for the time-being, a morning sUr, rising shortly before suurise, its maximum or minimum 
is called a 1 morning 1 one. Similarly,. Spring,' Autumn,' maxima, <bo, t refer to the time of year at which they oraur. 

I. No™, or Now stare, also callod Temperary Sloth,' suddenly blase out whore no star of that mugEiitudo beta Iwi known 

b&ftim, but Boon fade away to a amah fraction of their maximum brightnosS; EflAV bfl visual, tedissraplc, or j dlotographit, 
and generally identifiable with some- prevtmuly-koown eery faint star. CharaotoristifC apectnim, with maximum 
intensity fur in the ultra-violet-som.jLLiuwi having broad, bright, ami dark bands aide by side, which wan changes 
following, on the while, but with individual pcculiariden, thft acitjujBnaj detailed oh page 4^ and finally becoming 
identical with that of a WW-Bnyot xtor i'p. 10), (See list of Nona on p, riit, awl note on Nomenclature, p. ix). 

It is probably significant that mewt No™ yet ditoewured (eroept those m taebulin), are either in, or near, the Milky 
Way, and that they greatly preponderate in cma direction, 14 Norm {modanij haring appeared from 0’ to IKj" Galactic 
longitude ; $ Noted from flO* to 180* ; 4 Noted from 1B0" 60 270" ; Find IB Noyb hem SVtJ 1 " to 360". Nora appear in 
Spiral nebular, apparently of two types—ordinary Norra, of absolute mag. about - U, and JJaprrjuwne, about - 19. 

IL Long-Period Variables. Periods,70*700days, m ,.*dy aW £75 days: red Htani (Gioutn), of M Type* or N, mattmm 
Si, K, or B Rangu of variation usually wvaral magnitudes; parithlo, and cnjuimunj magnitude attained, are usually 
irregular; ritsa of magnitude usually faster thou the decrease. Typical star* c Coti {Jtim) : »™ Nctee on Map G, 

111. Irregular Variables, sunt nf all typos from B to N, sometime*nswdatwl with nebularmount j no regular period; 
most vary only a magnitude or two. Many varieties but Jive chief divisions; 
a. Red stare with alight tot i a Lions, like p Cupbai. Also sumo Sc ml'-regular variables. 

l>, R V Ttxuri Typo. Variation averaging £ luaifuitudna. Bright and faint maxima somewhat like the fl]Zyr<r Typo. 
Typical Tonri, R Scuti, 

C, tTQamimrn.tn Type. Constant tninitnuin for many weeks sir months, then a sadden tlxsc np of several magnitudes in 
often alternate long and short min im* with slower full to a OOMtaut minimum. 

I I. It Cti/vme Botvolit Type. Normal for months or years, then docruawa many magnitudes, and after an irregular interval 

returns to normal Rises teas quickly than it fall*. See Notes, Map* 1 1-1 fl , 
t. /PaMtMht Start ; quick rires like the No™, Most notable sb^r, 7 Garina^ s« Note* on Maps U and JQ. 

IV. Cephcid Variables, with periods mostly fesa thou 40 days. 

Clcwiml CrpAridi. a [dots with a rathtr utldden rise of Light, followed by ii more gnuimU fa|] to minimum ; periods from 
* few hnure to a nmnth or two, bcit mt»tly almat 4| day*: nutguof variation usually loss than 01 m magnitude; apectruni 
at miaiteum may boa whole Type lower thou at maximum. Typk»l shir, J Cep hoi; bob Note*, Mxpn 3 and 4. Ccphaidj 
are of grout importance fur finding stellar dktanceOi as those of the suituO jjeruvt have the OUtne absolute magnitude. 
CimiW'typi Cepboida are those with lean t.ban 24-hr. period*, being found in grout number* in the globular clujitero. 

Y. Eclipsing Variabtss, so called tMoansse thu jbissu in brightueH ii due to Bchpsev nc reguLor mtm'ol^ by a oampaoiou 
which may be fainter or dark. 

Algol Typo. A single well-marked minimum, Mmetimee a alight secondary am?. Typical star, Algol (Notes Map B), 
p AyreJ Type, Two equal maxima, with a small intervrid Ellg mimmum tuitwoen them, followtvl by a large minitenmi : itlftCN 
crdled dliptoidid uu nccaunt of the ahagia of their componcmta, Typical 6Dir, j9 Lyrce; sen Notes on Mape 13 and 14. 

Yl. Secutar Variahles—etara which, in the coursu of eenturiafl, ha™ imperceptibly faded er iEierauacd in bright™^ of 
which tburo is hik avadonom Thus tin? Greek legend of the fading away of Stomp*, cue of the Pleiadea, is prot *bly 
baaed on ao aatranomioal fact. A Li firm, and. Cotlor ora other sUppoeed rj-iathpl-™. 

TABLE. 

The rough distribution sn [mramtay^i by main types of *um« 9(KKt Variahloa ehnwn in 
KlLkltrkm and Paremtgn'* Calaingue is as fullowin— 

dilator Type Cepbeide 13 1 Ssmi-regulftr Vari*b]ea (S Eclipaing variables 20 

Cluasieul Ctrpiicids 5 J Irregular Variables JO All ether type*. 3 

Long-Period Variablea 3ft ' Nov» and a»weiated types S 

Nebulae n-ro amxJl, faint, misby, pateh.es ef light; only a very fc ware vuijble to the naked eye, such tis the Great 
Andru n 1 U turl Orion N-sbuhu r ropremntative of two diFerunt type-t, They are usually more or ies* regular in form— 
spiral k, spiivllwa, ovals, and npheroids—but same are irregular or mdclliiile Lu outline; some are re«olvab!e into 
pataka* of very faint stars; others are masse* of gas of extreme tenuity, estimated oa a thousand millionth of 
the density of air* There are various type* 3^ 

I. GaLavhc, GaseCut, or Green Nebuls (bolongini; to oUr Sytttflm.1. ObwstB faj and (A) of the» toad te cluster in the piano of 
thu Milky Way—utiILke the oitra-galaotio or ^ White 1 Nabulm, cblaffy found toward* it* north polo. Hicse arfr«FVW*l 
aub-divunens ; and (6) hav« bright-lluo *p«4ra 3 hut shine nnt by their own light, hut by absorption and rc-emiasiDii 
of radiation from high-temperature stare within them. 
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a, Irregular Afa&ui&n frapetitlnrale towards the Milky Wny; irregular or indcfioitB En farm, dirtinpaitfiiod. fceloscopieuJly "by 

their gfBflnLub nr !i]lljb 3] colour; small radial vnlncitiea. Chiefly composed of *nebu]iuin E (utAQGT, 3727), ir. T ionised 
aiypn, OiJI, Oil, with hydruguil Mid Imliuta ^ m»y ho cuntmctod With earlier of itdT formation, usually but 

xiot having stars shiuiug in them, evidently intimately amuectod. Thu Great Orica Nebula (M-lS, N.O.C. 

1076) is af thin Type f distance may be shout 1000 light ypara. Much fainter, and shown beat. by photography, one- 
tho nebuEnflititm round, or joining, worn* star* (m* in the Hleiadwt), almi obviously Hmoaoted with the stara 
6. Pltmatnry Nebula, Mom op fam uLroular ia form, sal aocalLsd boaniaa in a small Jahtsoogn they somawliat ranomhlo 
the faint disc of a planet; only a few barn a brighter central mndeimation. All liaVa & central star af small maos and 
high tempo roiura (White Dwarf) within them —oeoaiioaally not dUti uguixhabln—tu which the viability af the 
nebula ia im Tend to eoudense toward* the Milky Way: related to Wolf-Hayot stars {p. 43), which have similar 
spectra hat auuillor musses and velocities \. oEati to None, which towards die Mid of their ontburat first boaomoplanetary 
nelitilo, then jwisk into their filial aUge, nhowing spectra identical with those of Wnlf-Rayot atom. Mean velocity 
2-V9- km (lfl j 7 miles) per »w»nd : m*w*& up to 160 times the SuiTs. 
e, /tinjijWfl AV»»£ff ar i nterstollar matter—UuBeen oithEr hy eye or ijainera—EiCH-laminOlia, fairly evenly-tl Lslributcd, excess¬ 
ively teoumw dumb of calcium, hydrogen, and vxlmro, informl to exist ojj the aiinpleat moans af iK-jjauating for 
stationary tines of shew OismouU iu the spectra of Nom, aud of very distant O turf B binary stars. The star-light, 
tnivuraiug an Bnnniiiiiin length of the intarstollor matter, amfnn* another absorption, nod os tba matter rotftUsa with 
the Galaxy, its absnrpTiuii Limas do unit move ta and fra ft* those of the moving oompooontii do {me page £3.1. 

Mitfc.—Tha MrJl|Hl«bbll*sa of tpuauui iiebuhft au.l af LaLaPaSstlar uiitUrr artjpv»o At ii«ing of tbrmrrlrr af 100.000“ ainl'lflJJdO'lL., r#,p@el 
lively. Thin mnn* that their Rtwn* arc incring with the velocity rarmpubdjpg to iIimm- of a <1 cdh find at three ivuipmuirrs. 

I.L Dark Ncbule. Supposed to can* tho dark gap*, and the groat irregularity of width aud uuLtiuo, m the Milky Way, and 
dark patches eisawboro : POVealOil by photography and star onuntfl- Great irregular clouds of nouduminuus opaque 
matter* raimt probably dust, which, being nearer to ijM than the Galaxy, shut nut the light from the colimtiui objects 
boy cud them. Largnjy in the neighbourhood of tlw Galaxy; soma ore probably only a j«w hundrud light-yoarB away. 
rioradi-B| boliuvml tho^o m in!empty latiie butweeatbo sLom ; his*Hole in the Hwivuus'"is aiuioat Certainly No, ftd in 
Bamar.rs Oktulogue (pi ri), 

in. Eatra-galactie or * White : ' NebuEas .— 1 1sLaud tTuiventaa," similar to our own Gdaiy. Appear about galactic laL IQ' N. & B.; 
rapid Lnurenso ta 30“, slower til 70*- Faint contu lOlmj,h spootro, mare or Jiywi rCHUiuibling that of a star; may be com[.HDaod of 
myriads of faint itbira; by Far the most nunisrouji typo, Probably ovoiily dsntribumd through j^mmss, those in lower galactic 
latitude being vailod by absorbing mnitot. 

Ur Irregular ythulv, Irregular mitlino j toe Mugdlamo Clouds are of this ty]». 

b. Spiral Jfubiiite, tnu#tJy found by photography. Outline ntgtiLur—olHptioA^ opindleHibapod, spiral, and barred—with^a 

definite nucluiia. The Spiral Nohidw arc the most cutumon : not found in the Milky Way, but tend to cluster about 
the DftWtio Poles, eepecktlly the Northern one : thickest in the region opposite that in which the Globular cliutan 
arc mast tiumwcmu 1 JjHtanop« of the order of mill ions «r llj?ht-ye*re] mostly receding from ue At high velocities—■ 
300-40,000 kliL i r 400-25,000 miles) per uewiid—approximately preport jo jud tfl their tfletuice, aliout £60 ktn. 
(ISO miles) per megaparsec, iwjme !»n bjs 'wpirnlltsi‘ or eliipaoa, arc! ohvinnety Spirals VicWwl edgn-an. Spiral imbuln 
frequently occur in grtrapa, the mm nutewnrtliy being thuw in Urea Mayor, Virgo, Canoji Venatici, and lx?a 
Thu Great AndfOEinsdft Nebula (M33, N.G.C,fl£4 1 visible Uj the naked eye;, is of this typo; tins diatanco is between 
1^00,000 Slid 3,000,000 light-yeaim Appamctly i nppnHmfcing+'oJl the result of the Galactic rotation* but actually 
receding. 

The Jfli^aUanlii Clouds or Jfubecut* Major (the Greater Ltttie Cloud)* und jVv&vula Minor (the Leaafir Little 
Gtoud) are now recognised its extra-grtlactio objects— island universea, the nearest neighbours to our Sjutam, and 
typical ’Irregular 1 Neboim (uxtfa-galjwtio). They are invisible from tile latitude of Europe and tlio United States, 
their ftiapeatiYO UflclcnatiDiis being 70" and 7d D S.; thoir R,A,b 51i, 30m. and Ob.fiOro.. 

To the naked eye thay appear like detached portions of the Milky Way, from which they are soma 50‘ to 40" distant ; 
in tba telescope they art seen os » marvellous combinatLan-of stars, ctustera, and nebula*. Their distances are of the 
order of 200,000 light-years. 

R.tiio Astronomy,— This aubject is at preaeut almuat oomplatoly divorced from thoso mentioned filscwhoiw in 
this atlas. The objects which it examines can seldom be identified with those which can be seen or photographed, 
and the methods it hemsh, duo largely to radio en.gine*irh rather than to astronomers, have little in common with those 
of other lines of astronornieril raiaarch. Its ,J teleacopwi ' may rwemblo refieeting telescopas o r optical mterf eroicuiters, 
but are of much larger dlnjemaions. 

Not msroly can the subject he pursued irrespective of torreJitrial clouds, but, even more important, also of the 
obscuring matter of our Galaxy by which ita snore rnmote partv are made inacociiftibb to optioat telescopes. An 
immediate TOHult is that the SBup&fltod vptra] struertore of crar Galaxy has been verified. 

The only star from which appreciable radio emiaiion has Won detected is cur aun, What have heon called 
“radio stare 1 " are sources whasa dimensions arc probably large in comparison with a super-giant star. Among 
those few winch correspond to tclcaesopio objects are colliding extra-galactic nebulae and certain galactic nebulae 
such as the Grab nebula, which occupies the position of the super nova of 1054, Ono of the in via l bln sources coincides 
with the position of the super nova of 1572. 

The period of rotation of the planet Venus given on pp„ 32 and 33 was found by radio observations. 
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Parallax is the angular difference in direction of an ebjeot whim viewed front turn different standpoints, expressed 
by the number of sceo-nda or minutes oi arc subtended by Lliu linn joining thn two standpoints, a* tsenjmm the object. 
The parallax of a star is reckoned on a different basis from lb at of tin* Kan or of a plarmt. 

lo Dtwnti! Panrfk we, used for members of the Solar System only, the two standpoints are the Earth's centre and 
the observer, separated by the radius of the Earths diurnal or daily circuit j it is greatest, whan the object is on the 
observer* horizon—the /lerisonbrt p<woH&z —and decrease* to zero at the zenith, when object, (Wnw, and Earth's 
ountre are in the same Hue ; ai urdinorily stated it is the Equatorial horizontal parallax, for the Equator, where the 
Earth's radius is greatest,. Whan the object is nut on the horison it ha* Parallax in Altitude, which dccre-wwit to Q M 
at the zenith.. The Moon has the greatest diurnal parallax, max. I* 2d J , mean 57'-* 

innuol Parallax. —used for stars and nebulas only, their diurnal pa mil ax Wng umnraimrnbly small_ii the 

angle subtended by the moan radius of the Earth’s orbit—the yearly circuit, as seen from the star, Except for the very 
nearest stars, the very minute angles involved make the results somewhat uncertain ; photographs taken six months 
apart have replaced, with far greater convenience, direct angular measurement, angles with a probable error airmail 
as <J“‘Q1 (1/360, (XlO degree) being measurable. The greatest parallax known ({T'76fi)ila liiat of Fra&ifoa Crntauri t 
though very faint the nearest star: it la physicallyonuTUMted with a Centauri, 2‘ away, which Ims fiarnllax 

A Negative Pandteus (annual), stated in figures prefixed bjwiuwj, indicates an unHUPCRBBful attempt at measure¬ 
ment, the distance of the star being mndn greater than that of the (xB&Trnjed) much more distant oouiparbion stars; 
the errors of observation may have exceeded the amount of the parallax, or tbs comparison stare been mors displaced. 

Stellar Parallax.—When srating a parallax it is usual to give the basis □! measurement, m that the 1 weight,’ 
or degree of reliability, may be estimated, some of the many uictliods now available giving batter results than others. 

Trigonometrical Parallax, the foundation for the others, is that measured by angular observation*, direct or photo* 
graphic. When measured with reference to some other stars, assumed to be much more remote an account of their 
faintness and small proper motion, the parallax it called the fleloHve Parallel gc; if the average parallax of those 
reference stars can be estimated by somo means, the relative parallax *o corrected i* called the Absolute Pamlln*. 

Absolute Magnitude Parallaxes are calculated from the absolute magnitude® deduced from various phenomena; 
comparison with known trigonometrical parallaxes shows that each method gives results more or less in fair ttgruu- 
meut:—■ C^pheid parallax, derived from varintinn-periods. of ■Cepheid' variables fp, IS), in probably very accurate on 
the whole, subject to some uncertainty as to zero-point; it is specially valuable for extremely remote object*. 

Spcctrcscopie Parallax is found from the in tensity of certain lines in some types of spectra: Spectral parallax, from 
spectral Type and Giant or Dwarf elsasification (p. 20), where there is no marked separation into Giants and Dwarfs. 

Pjpmsatw or Hypothetical parallax is a probable parallax calculated from the period and angular dimensions of tbs 
orbit of a binary star, the moss of the system having to be guessed, An, however, the average star mass appears to 
b* about that of tho Sun (p. SO), this unknown factor can be estimated cm that baria with, little likelihood of introducing 
much error, na, fortunately, a very considerable change in the mass value makes only a small change in the parallax. 

/ utAreleflar-iitte parallax, baaed on a definite relation between the intensities of these lines (see p. 23 ) and the 
rotational term of the Galaxy, "should give more reliable parallaxes and ahaolutn magnitudes than any other avail* 
»ble/ r the distant O and B stare. {£*0 Pub. D.A.O^ Fbf, $, p, 1&33), 

Jfaim Parallax, though not applicable to ri□ glo stars, is valuable in statistical work for groups or classes of stars ; 
it is based on relationships of their proper motions to the velocity or the Sun’s own motion in Apace, and the stars' 
angular distance from the Solar Antapex (see p. 27), It becomes increasingly importune as thelnpw of tims enables 
proper motions to be known more and more accurately. 

<nilnr Paralittat, also for groupa of stare only, is deduced from their 'parallactic motions 1 (p„ 15), valued at SO’ 
from the Solar Apex (p.27}, Secular Variation of parallax results from the radial motion of a star towards or away 
from the Sun, which will, sooner or latef T sensibly change its annua: parallax. 

Gfroup or paratlax is baaed cm the rnasrmublo assumption that in a fair'Sized group of stars, those of 

the same magnitude are at the same nvoragu distance, tbe visual magnitude being thus an index of their distance, tl 
requires, however, a starting point based on some other parallax, such a* Secular parallax. 

tfait-luiAinotity parallax, found from mass-luminosity (p. 20), ia perbup* not bo reliable; far the hoi tent stars. 


Astronomical Unit fA-TJ*).—'The unit Tor Solar System measurements, and the base-linn far stellar parallax, 
i* the Earth 1 * me*n distance frein Lhq Sun, 92,897,400 miles, or 149,501,200 kilometre* (last four or five figure* not 
significant), the distance corresponding to the mean equatorial parallax 6“-80. This parallax, adopted in Ifl££i0 as the 
international basin for epitome t-idos, is expected t* be near enough to the true value h> require do ah.oration later.* 
Unit Diftance. The angular diameter of a planet 'at unit distance,' used when comparing the diameters nf placets, 
Ls that which the planet would have, as seen from the bun's centre, if it were placed at a distance of 3 astronomical unit, 
A million astronomical units has been called a ^trwwwfer, a term first used by Sir W. Herechel in another sense—the 
distance (then unknown) of an average first magnitude star, assuming brightness as an index do the nearest stare. 

* Sku p*r« viii *mi for T*bln «f PurbLIbict. 
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Parsec : Ll|fht-yaar*—A jPareiw is the distance of * ssUtt luring n parallax of I' f j a Light-Tear, the distance 
that light, travelling iSd,3Q(J mile* km) per saeami* travareea in a ve#r-a convenient popular unit. 

10 parsecs {a dekapar^ lu Metric notation) ia Urn ddatanoe at which ahsohitt! magnitude ^p^l7) is computed)'* 
« KilQpitrme ia 1000 pursue*. A Megnpo/rMec, tar remata iiflbuJpe, is * million parseis, or iJ| million Ugbbyuon. 
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Radial Motion.—Thu Radial motion of a *ta.r ii ibn apparent itiotian in the line of night, either towards Ui or 
away from us: it i* not the star's own real space motion {see below). The Radial Velcxntffi* the radial motion 
eSprespud in mllcl or kilometres per second, which i* found by the ttpeuLroscope to within 1 mile per ponand kinder 
favourable chreuintt&ficefl : + ii used to indicate reurasiijn Irani ttl, and - to indicate approach to us. 

Proper Motion, or Tangential Motion, in a star"* apparent angular motion (if any) on the star sphere at right 
angles to the line of flight, expressed in second* of arc per year or per century ; it is found by comparing the star"* 
preosnl position with that which it occupied at the time of the earliest reliable observation—preoMjiou, nutation* 
parallax, and aberration, being allowed for. A* this angular motion is ooQtLD.uou.fl, though in general very minute, it 
has to bo taken into account when preparing a star catalogue for a given epoch (ace note p. vi a* to + and - ). 
The following are same uf the gremteat proper morion* known: a long list is given Aitr&phpt. J<mrruri t voL 41* 1&14. 
Urea Major. GroOEU bridge 1830 (mag- €t), Proper motion 7" annually ... ... ... ... .„ 

Victor. C,Z. 6 h, 213 . r mag. B}, „ ri VI". rr »„ T „ **. 

C>ph)nuhns, Munich ] B,040 (Barnard's star, mag. 9'4) It/", found 1 fllH, the greatest yet diaccvend 

The observed proper motion ia not» star's real tangential motion in space, lint an ‘apparent' motion, being affected 
by the §un f e own motion through spovo towards the Bdar Apex (page 27). Same stare have practically no proper 
motion—a result due in general to their very great distance. The TWi^evdiof FWotity ia the Tangential met ion r.i- 
preaned in kilometres or miles per second: the star's distance must ba known, 

Linear Motion.—A atari s linear motion is the resultant of (a) the radial morion, and (b) the proper motion, ex- 
pressed in IitV-oJ,' not angular, measure, and requires a knowledge of the parallax, The linear velocity is the linear 
motion expressed in kilometres nr miles per second ; to obtain that with reference to the Sun, at right angina u» the 
line of right^ divide the annual proper motion by the parallax, and multiply hy 4‘74 for kilometre*, or 2'U3 for ulvIos. 

Space or Peculiar Motion*—‘A ^w's apace or peculiar motion (also known as Absolute, or Huai motion), with 
reference %a tha sumutuding ttaUar system, La tbh resultant of it** Radial motion, and its motion at right angles to 
the Una of sight, corrected for the Solar System's motion [p, 27): the corresponding velocity ii its 

Tha K-terni, If the apace-motiona of the stara were at random, there should be as many stare with recessional 
( + ) velocities, «■» Lhcre are with approaching ( - ) reloritirs. Statistics, however, show a surplus of recessional ( 4 ) 
velocities ; this excess over the - velocities is the K-tunn. Improved data have reduced the original amount. 

Cross Motion*—Thin term denotes a itari* angular motion at right angles to illu great circle joining the star 
with the Solar Ajhvx or An tape x : the £><tm Feiwity in the Cross motion expressed in miles ar kilometres per sceond. 

Paraiketlc Motion, known as "Secular parallax, 1 is the apparent displacement cf a mar caused by rim Sun's 
motion — which displace uj«nt tfl knswn with e^ef-i lie reusing accuracy as the years go on. The ovemge dist&ncs uf any 
class of star* oar be fouurl from th»ir P^riLlliijotia motions, but the method ia not applicable to individual ntars. 

Slap Drift : Star Streaming 1 ,— Soraetim^ tha members of large groups of stars are found to luvc* prupftr 
motions similar in direction and m mount; Proctor ealh-d this Star Drift. "Drift" may also denote the motion of a 
group of stare rnlativuty to tha Sun, Star Slr^amittg is Star Drift on a large scale, In 1904* Kaptoyn found tliat the 
stare, in general, are moving in two favoured direction*, which, when corrected for the Sun’s motion, are diametrically 
opposite on the star sphere, and both exactly in the plane of tha Milky Way, 60% wf the star* belong to Stream 1, 
and ars moving inwards H-A,, 6 hr*. 20 min., Dec, 13" N.; the other 40%—Stream II, which has about half the veloc¬ 
ity of the first—move towards It.A., IS hre*, Dee, IS' B. These points an? known m the VartiMt af Star Strt&mity* 
The centre of mw (or rather, of rosan position) of the stare in a streaming star group is called the CctifTOrif, 

A third stream, known as 'iStniam 0/ practically stationary, couswti of the majority of the JB-Typc stars, which 
seem to belong to the 1 Local Cluster ' fp. II). 

Gould's Belt of Bright Stars, the Gaarer or brighter stars of the Local Cluster (which includes the Sun), is a 
jgre*UQirde twit of bright stars which i*inclined lonie 20" to the Galactic Plane; it*equator is (roughly) a line drawn 
from y Comicpeirt between c and (3 Orionia, i Volomm and c Cariusj, a and ft Cen&auri, a and t Saerpii, back to the 
atari, pairing some O' y. of u Ophiuchi and Yz>j<t, and ekn* to e rilygui. 


Ui* dwtiimfl «E /'cWtua T«rj- 
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Star Hagivi tildes,—The brightest sUri are said to ho lit magnitude ; tboao less bright, 2nd magnitude ; those 
still le*s bright, 3rd magnitude, and so on_ Kadi magnitude in 9-G1 2 (nbctit 2A) times « bright as the one below it* 
& standard lot; magnitude star (*£, Aidsbarar^ Aliair) being 100 time* m bright a* a standard flth magnitude «iw, 
which is about .the faintest < lurid * stir, L*,* visible to the naked aye. As, however, several 1st magnitnrfa sws are 
much brighter than Aldehai'a n, the range of magnitudes also runs in the other direction, a «Ear of magnitude *0' being 
about 2jf times as bright oj dud of magnitude 1, and a il&t of magnitude wifiitf 1, about 2$ times brighter than on* of 
magnitude 0, and bo on, After magnitude 6, the magnitudes nm on, 7th, Bth, A-o., for the taleaeopjo start, the 11th 
magnitude being about the fatnteat vftibft in a three-inch telescope, and the lBth + in the meet powerful telesvopes yet 
constructed; suara several magnitude# fainter ore obtained by photography, [See Table of relative brightness, F *)- 
Intermediate magnitudes are denoted in tenth* or even hundredths, thus magnitude 3'tiQis slightly brighter than 
301, but less bright than 2-99, the magnitude increasing aa the bright new dwreoaea. On tho pritHti* «*ide of 00, how- 
ever, t his ft reversed,, the magnitud* figure in ere (min g with the brightness. Thus magnitude — 0'1 i* brighter than 
QO; - l 0 is brighter than - Q-9; and - 1 ■$ is brighter than - I t, and to on. Where theirs it no sign, magnitudes are 
itifuji understood to be hH, but + ii usually given in the ease of ^absolute magnitudes’ (see p. IT 1 ). In the general 
.joust, ' lot mag,' usually mean* all stare brighter than mag. 1 -B j * 2nd mag.' thus* between 1 -5 and 2 J 3. The magnitude* 
ret modern catalogue# are alvtoyt calculated far lh* sen tab; at lower altitudes atmospheric absorption diminishes the 
brightness, ami baa to be allowed for when comparing stars at different altitudes': see Table, pa»o 43, 

Numerical Ratios Of Magfnitutle.—On the 3-512 time* basis of reckoning each magnitude, every difference 
of 9 magnitudes means a multiplication or division by 100 ol the starting magnitude, thu 1st magnitude is 100 times 
brighter than the fith j. 10,000 times brighter than the 11th, and a million times brighter than the lfith, while mag¬ 
nitude Q-0 ft 100 time* brighter than magnitude 9. This "stellar magnitade 11 method of comparison is now used for 
other comparisons than it# original one of visual brightness—as for stellar heat radiation, and even for temperatures 
If the stars wars uniformly spattered through spoon, there would be 3 93 time* « many atari of a given magnitude 
os in the one Just above ft; departure from this number (called the star mfio) indicates crowding, or, thinning out, 
The I'fil* stalls HWW the Standard, WAS Introduced bj Pngscn ID 1M0, 3 5 IS bring the Btferoat uf 10ft, or the ItigantJnn 0*4, 
Boos's P.QM'i 1ft 10, employ* an older system with a tight-mio S'Sttl (log, —O'36'l, approximately tbat of Argriander's 
Urvwm*triu. jVcwii, 1S43. Boas and Fopjoti magnitude* are the siuue about »sg. 18 ; below* 3'8 Boss la frunter, mag. 6'ft Pogson 
bring about S i Bufla. Above* m*g, 31^ Bob* id brighter, Vega being ChO, Sirius -SA Boas ji Sgainat 014 and -1 ftS Pog#t4i. 
International Magnitude Scale.—Though baaed on the same lightratin, the magnitudes found at Harvard, 
Mount Wilson, Potsdam, Are,, ahuvr amall systematic dianrepancieR, due to the ioRtruments, atmosphere, Aas, Thus for 
accurate comparison*, each nrnst be + reduced" to the seal* with which it is to be compared, by means of Tablet prepared 
by laborious tnaiyiiU (see Harvard Annals, Vol. 14, and Aiteophysical Journal, VoJ £1)_ The Harvard (photometric), 
and fill, Wilson (phnt*vftq*l i Scales are most generally used, and the former was adopted (1922) »a the basis of Inter 
national Afapnitudu —a photographic Scale. Taking the stars of Type A0 between mags. 5-5 and 6-3, in the Harvard 
North Polar .!>VfueiwM{a]istof carofully-nieMured atere near the N. Pole arranged in order of photographic magnitude), 
the mean International magnitude of those stare is defined as being the mine o* the mean magnitude of these star* 
on tho Harvard visual (photometricj ocnlu—which, for Type A0, is identiotil with ihe Hurvnrd photegmphio *^1®, 
VlsURl or Apparent IfagTiIttidfl M thfl brightneu an directly estimated by the eye; when the brightneei ft 
meMurnd imtrutnentally by the photometer, it ft called the Phot owfric magnitude. 

PhotoVLSUal obtained photographically, using a colour screen and ftochrnmatie plate# adjusted 

approximately t* the light-sunsitivenees of th* eye; they tend to he rather brighter than the visual or pbotonwtrto 
magnitude*, and are becoinin.g of great Importance a* they give more uniform results. They minimise both the 
Instrumental and the brightness ‘colour equation h difBcnltioi (see p. 17), and the pbologntphSe plate and colour 
screen used s«m to make no great difference in the resulte. (Rod and photons I i>ririe lnnffnituch-. bm-' [■ IJ ... 

PhOt«graphic MflgriUudeg are those obtained by Jueosuring the diameters of the images on a stellar pilots 
gTaph. For one half of tho riar* the result* are accordant with the vftcal magnitudes, hut in the other half, owing to 
t,he bitter iters being mcro actinic, and the redder stare less itetinic. the blue item photograph brighter than they are 
vitaaliv, and the red sure fainter, by an amount depending on the epectml Type of the star (p, IS), 

Colour Index (contracted, c/i) ft the difference, in stellar magnitudes, between the phowgraphio magnitnde 
and the photernietrie (or photqvisaal) one, the phoiovisual index tending to be the greater ; oa the Harvard colour 
index ecalu, Type AO has afi ChOO, its visual urn photographio magnitudes being the same. Colour indires greater than 
3 0 arj . probably vary rare ; S Cephot, Type He, has the very great colour indes +B B r Colour Indus Table on p. viii 
Pl^iovmDhic Magnitude minus the c«-photemetrie megnitnda Photometric Magnitude phis Uie Cjl-phot-:'graphic muff. 
Colour ladat - photographic mag. BTbua > Orionft, Type BO, visual mug. M\ pi™ o/l -0-31 -photegrephic inag, 1*4, 
UWMBS thu photomatric toait II BelfilyrMc, „ MO, t. OtiS p! +l’0fl= „ ■ I'fiO, 

The - iodifiitea that * Orio»i* ia brighter, ih* + that Bet is fainter, than A0—photographically. 

•Tied in wunfriiins vrith bih^itad*, 'riwT* 1 entons briflatiaT lliaa t ‘IwSow,’ lhaa 




ASTRONOMICAL TERMS. n 

Absolute Magnitude*—V ijubI magnitude i« no critarioa of tutriniic luminosity, an many distant tun appear 
far brighter than some vary near stars. Absolute ma.gxiit-ij.de in tko brightness a #mr would have if all the stare were at 
tbo name distance from us j it in foiiad by calculating wha* tbs observed visual magnitude of each sUr would be if each 
were placed at a distance of 10 pars«&— that equivalent toaparollxx of ff'-l, or about 33 light-yea re—which of ecnna 
require* a knowledge of the sear's dtetanoe. Oouventely, if the absolute magnitude can be found by sow# other means, 
the star* distance can. lie calculated. Absolute ult^ailailo u therefore of great importance ill Stellar research, as it 
enables luminous ties to be compered, and gi ve» many tin measurable parallaxea In absolute magnitude, os in visual, the 
ter 1 (numerically) the magnitude the lean luminous xa the iter, if + ; tbs more luminous, if - t The Intaffratcd 
Absolute or ritual tnagnitude, of * nebula or star cluster, is that of tha total light received from the object. 

The 8un n absolute visual magnitude it +4-9, roughly -pS'O. A l-pareeo standard distance was in use till the Inter¬ 
national adoption of the LO-parsoo standard (1922); it bad tha advantage of haring the Sun** absolute magnitude 00. 

Tha absolute magnitude# of Gianl start vary only One or two magnitudes (from shout + I-Q to - 1*0) In their pro- 
graafian from 1 jpei M to B Those of the Dwarfs full off a xnaflnituda or two ils each auecMisive Type below hi reached, 
until about + Ifi}, in /Wimo Uvnkmri, a red star perhaps Muring extinction, and in FroeyonE, almost the faints#* 
aheolute magnitudes known. Eiyd aod Ctawjfus, on tbo other hand, attain about - 6^0 ; SnpernoTO in Spirals, - IS. 

The most luminous star known i# 8 DoradOs, a variable star in the larger Magellanic Cloud, soma 14 magnitudes, 
or MO.OOO t.Crt,00<i> brighter than the Sun; phetogr. aLs, mag. at brightest, -6ff. The least l ntniim .ua ia Waff 

359, a nearby star of mag. 13 5 visual, 16 5 absolute t its luminosity i* only 1/50,000th that of the Sun, 

o hod Absolute Magctitnde:— Aba Mjtg.= visual m-ng, -h&, pLus & Limas the logarithm of tha parallax. Jf—m+4 + fl log r. 
Bed MagnHude and Colour Index (Harvard photo-red, £f.d., vot 89, p, 92; effective wave-length A6300).— 
Un thin flyatenij-the effective wave-length of which is halfway between the C and D lines, and about the wave-length 
at the average intensity of the vitiblt solar spcdtrmn—red colour index is about 30% greater than ydkw c/i (Internet, 
photograph]q [/] mints* photo visual [m^j mag.Ji biut r&d and yilloia-rtd e/i = / - and 

Photo-Electric Magnitudes are measured by a photo-uloctirie cull (different from the thermo-couple used in 
the bolometer); it gives groat accuracy for differences, between star* of the same spectral type. Thera is no phete- 
electric magnjtudo scale, u cells vary in sensitivity to different colours 5 ( the bolometer Integrates all the radiation), 
fiadlom&trlc or Bolometrio Magnitude give* the total radiation emitted by a star—the light, beat, actumi 
raya, eta.—-using a thermocouple or bolometer, instead of the eye. The variable scars Mini and ^ Qygni, at maximum, 
emit nearly twice a* much radiation as at> minimum, but their tight increases some 1000-2000 times, 

E&'Jiometric Magnitude is expressed on the some system as visual magnitude, and the difference between the 
radiometric and visual magnitude is called the Heat index (cormsponding to the photographic Colour Index), tho two 
being assumed to coincide far Type A0. (Bee 1ft Wilson Annual Report, 192&). 

ifoiWrtoiHc Magnitude, on tha other hand, agrees with visual magnitude for that Type of star whose radiation 
has maximum luminous edidency, so that visual mintu botometrie magnitude ia always positive ( +), wtero. The 
Type for which the visual and bolometric magnitude agree is very nearly that cf the flan (Type GO), The Bun's 
absolute magnituds is nhout 4-6 visual, 4-0 bolomeirio; radiometric, 4-9. (Bee M S,, voL 77. pp. 29 and 804). 

Combined Magnitude is. the resultant magnitude of two or more itui, so □lose together oa to appear to the 
eye (or be treated) os s singln star,. It is the magnitude corresponding to the sum pf pooh star's individual brightnoa* t 
referred to that of mag. 0 00 taken as 1, and is found as follows (adding the two magnitudes would give a fainter on®), 

A Stop's magnitude mulupHrd hy -0-4 g> TGH th “ logarithm of its bri|btnM relative to mag, 0 00. 

The logarithm pf a brightuM relative to usg, 0W> when divided by -04 gives th* magnitude. 

Colour MzlgMiKude is the magnitude of a star measured far each of the wiva-longth* (referred to B0 a# 
standard), and reduced to standard A0 by theoretical black, body radiation (*re It.B BiB), 

Opposition Magnitude! is the magnitude of a superior planet when in opposition (p, &); tbs planet ta then 
nearest the Earth and brightest, and (in theory) is only then seen with its disc fully lliuminatod. Ordinarily the term 
denotes the opposition brightness at menu distance, as a planet'* distance and brightness vary at different apposition*, 
The followjn^ Table gives the approximate mngo of plnnirtarv variation in magnitude (see sdso diagram page 41). 

SOM.I-* U*C U4 M™ jpjKm. Hln-ot*!. !■!*□« Maa. M»mi vfipO. Min. Pbert Max M>it iUn. 

Mmu -S'6 -|'B6 -l'l It Satnrn -&"4 +u^H 0'9 « Nsptime 7'62 7‘85 7^4 

Jnpiter -S J fl -S'SE3 -i'l tTnmin h'CS 5 74 0U7 U Pluto IS'8 14 3fi'S 

Llraldnff Magnitude-—The Ltmi-finy MagnUufU of a star c&ialegno—tha index of id completeness, as 
omission a beeoron inevitable at a certain otogu —ia that magnitude on the brighter aide o! which store omitted from 
the catalogue about equal in number the stars on tbs fainter aide indtided In the catalogue. 

Colour E^liatiDD: Magnitudo E^UBtloQ. “Tils first is a small oorrei&tion on the magnitudes in different 
tjatalogues to eliminate (a) the colour-selectivity of the instruments, atmosphere, An., nf the olwnrvatori« respoinsihlc 
for therai, which affects the result* especially in photographs ; (6) the uncertain briphiiicu-coEonr error, due to the eye, 
known as the Ewkinj* EJFctf(p, 42), The EguatUm is a similar small correction, ta remedy the error caused 

hy transit* of faint atari being ordinarily registered later than those of bright stare in the same position. 

E * Appraxitnately that ot Mur r“ 0“'1 OL 



19 CLASSIFICATION BT SPECTRA, 

Luminosity : Surface Brightness.—The luminoeity cf * st&r diflsre itom ita magnitude in being the a^fuaf 
tmouui of light emitted by the *tsr ( inatoad of the apparent amount, judged by it* brighta*** to the eye. It depend* 
on the star's diameter and temperature, being the itfcf'i area (actual, not angular} multiplied by the uouimt of light 
it emit* per square cent)metro, or other unit—it,, by it* iSwt^M The Sun * surface brightness i» ta "on u 

mag. 0, and a atar i relative surface brightness, 4- or -» u expressed in magnitudes (Table, p.riri)^iiymbaJiM.''d by J* 
The luminosity relatively to other star* ia given by the absolute magnitude, or brightnaa* at 10 paraecs distune* 

The higher the tompEiratare, the greater the mrfaim brilliancy ■ lire* atari of the name absolute magnitude may 
differ greatly in sire and inrfao* brightiiEM, for a l&w-tatuperaiure ■ Giant' (pM) must have a larger diameter than 
a high-temperature B-ator, to b* of the same absolute magnitude. Prom this relation*hip the diameter of atari can 
be calculated, independently of their distance, from the visual magnitude*, the surface brightens** being obtained from 
tfa Typft. The diameter* that had bean predicted on th la bofii were found to agree closely with the observed mine*. 


Star-classification by their spectra,.—SeecM in 1353-57 found that when the light emitted by different star* 
vu analysed by the spectra* cop*, their spectra fell into four well-marked group* which graded into one another. In 
1374, Vogel modified SwehF* scheme by adding two subordinate class©* to Glass 1 ; another (Woli-Rayct atari), to 
Class 11; and including hi* third, and fourth types a* sub-division* of the *ame order. .Sccehi's Type* am now little 
need, except historically, but for very uncertain, coses the I.A.U, defines thorn a* follow* (05 woa formerly Oe), 

Ttp« 1 OJ-FO, predomiiuMil hydrogen llnaa I Ttfk IIL It, titanium oiidc baud*. i Tvr* V, 0«;Od, bright Wulf-Rayet 
ILF^KB, prominent metallic lines. I M IV. N and 6, carbon baud*. I line*. 

About 1890, Pickering introduced the 4 Harvard" classification, now universally adopted, lettering Sacchi a original 
group*, with otbere, m in the table opposite, dm various acctums being spoken of as TypuO, TypeB, Ac- Gradation* 
or in tenner! lates. are indicated by combination* of the setters with figure* denoting tenth parts. Thus Bli (* con- 
venieut abridgment for U3A) denotes a spectrum nearly like that of Class R, but estimated to be two*tenths of the 
way from B to the following Clos* A: and 05 ( -*Q5R) m*nni five-tenth* of the way from 05 to the next Oa**, which 
is p, a* Types W, O f are find in sequenco— the original order was A, B, G, ifea., but from later information it wn* 
and some imBMM«S*ry letter* dropped. Seoehi'i classee wore based on visual, the Harvard on photographic, 
but on the whole they are fairly mordant. Typo R ™ added I £103; 3, 1933; W, 

BO ia the higheat of Cla** B (the *0 f U a starting cypher, not a letter), and the sequence i* 03, O., HQ, HI 
B3, . . . B9, AO, Al f A2, ite.j the scale la thus a descending one. Sub'diviaionn a, b, e, nkc., are used where there 

i* uncertainty aa to tV details, but nu tubers are substituted when the pocusiary information ie obtained : «o' and ■ i« 1 
atars, however, are not subdivisions, but stare having '(C or V ebaiwfcwiiiSc* (p.19), Variable atari are now classed 
at maximum (1923). For the iraBdivision* included in a "Type r when used in the average bodbo, or m abate* l work, 
see db* 1 page. For dn toils of Types Oto N, sm 11. A,, YoL 28; U.C. H5; and Draper C&ttdvg w. 1934 (B.A., volt.90-&&). 

AWj/and L^U Typ* start denote Type* H-A, and RM. respectively, tome what inconvenient survival*, in eertaui 
respects, of Yogal'i assumption that Type l "tar* wore th® youngest, and Types III and IT the oldest, before the 
Giant and Dwarf division* (jxfO) were known. For the name reason, the J/oiw Sequent* is the downward progression 
of in □reading n Antm, O, B. A, V, G, K. M-Typ» B, N, branching off at G; and 3, perbups, at ft 5 or 11Q. Typ®^ 
may be the lost stage of another sequence from Nova through planetary nebula to join Type O at the other and, 

Bussell Blngrnm :—This ahowa very effectirelv the GLani and Dwarf relstKAMhip and the Main rnsquciiw, the *tare bring 
phitled (Warding to Typ* (tomparature), and abwluta mEgnitudft (lumlnoaity). Hv adding curve* representing 
mnmuwm, tfis Diagram IkM been axtandod to oshibit tbs maaS-lumlnoaity rriationshlp a* wciL 

Star Colours._Colour i* an index to physical condition and temperature (p, SI). A list of the moan colour 

of each Type, and aulwiivUion, i* given in MontbEy Notices Royal ARiron. Society, YpL 34, p,22. Oa to Oc are given 
mM creondah yellow ; B2, B3, white; AQ, pure yellow; AC, yellow ; K2, orange yellow ; MO, orange; B a orange red ; 
Ne, deep orange red: in termed iate typea merge into the nest coloar, Colour also affbut* twinkling, art explained on 
page 38. The compononta of many double atari exhibit tho uurioat ph^nomonfin—same time* merely optical—of 
tRsing complementary in colour—orange and bine, orcrimHon and greeu, icj for examplco, see Note* Star Chari* 


Relative Numbers of different Types ( Sh*pley)-0f the S^.OOO to about mig lo, in the Dreprr Catalopm, only 
■mnt 2000 are of other tvp« than B, A t F, G, K, M. Nearly GQ,00o arc brighter than al*ut m*g. % : 80.000 are ouentultj idontoefa 
with the Suu and B4 cent are prebablv within 3000 light-y™ of ua A and if are mtait oornm in the KDky Way. 

1W, OBA F G K SINKS 

Turn i**™t*i ™ (BQ-Bt) fBS*ASJ (At-J*} frt, O0) {(i&m) ... 

NaufSar. ... >1,120 I0,5B8 73,208 TV** 

ffirwnluy* : to Jfup. w 10U 30 & 10 4 0 8 301 ?]”**“ 

n s( 8 5 837 H O 16 7 M’4 7 6 





astronomical terms it 

Absolut® M&^nitads.— Yiiaal mignitnda U no criterion of intrinsic u minj diiftot itin ippeiir 

W brighter Lbuq Hina VCr y near stars, Absolute magnitude i* the hriglitnuHi a Jttvr would have if all tbs stars were »t 
tb* name distance from ua j rt la found b j calculating what the observed vis uni magnitude of «uh star would be if each 
wero placed at a (finance of tO p*r*eai—that equivalent to a pnraJtxr of 0 ,J 1, or about 33 light-years—which of ewna 
raqdreu a knowledge of the iters distance. Ooq verify, B the absolute magnitude can be found by some other means, 
tliti Atari distance Oftn ha calculated. Absolute magnitude il therefore of great importance in stellar research,, *1 it 
enable* Ina fuM itiOB to be compared, and gives many ttomteunirabk parallaxes. In absolute magnitude, aa in visual, th* 
‘greater’ (aiiaerically) the magnitude the lew luminous is thn vtar, if + ; tbs more luminous, if - . The Integrated 
absolute or visual magnitude!, of a nebula or star cluster, is that of the total light received from the object. 

Tim Sun's absolute visual magnitude ia + 4-fi, roughly + & Q. A loanee standard distance was in u» till the toter 
national adoption of the 10-pamec standard (1952); it had the advantage of haring the 8un’* absolute magnitude (MJL 
The abeoEnte magnitudes of Giant stars vaiy only one or two magnitudes (from about -+.T0 to ■ l^Q) in their pro- 
gte-Hion from Type* M to R Thosn of the Owarfg friLJ off a magnitude or two as each flu&eefiiiv* Type below is reached, 
anti] about + I5J, in Proximo C*ntow-i, a red star perhaps nearing extinction, and in iVocjwn B, almost the fototst* 
absolute magnitude* known, Eigd and Campus, on the other hand, attain about - ; Supernova? in Spiral*, - 15. 

The most luminous Btmr known ie S Porodua, a variable star in the larger Magellanic Cloud, soma U magnitudes, 
or 300,Q<XU(Xb0G0 times brighter than the 8on : photo.gr. aba, mag. at brightest, -B $. Tito least luminous is Wolf 
3C5, a near-by star of mag. 13 5 ritual, IfifJ absolute ; its Inmtoority ia only l/^OOOth that of the Sun, 

o And Absolute Magnitude :— Abfl, Mag. =visual mag, + 5, plus & timiw the logarithm of the parallax. J/ -- m + £ + & Eog r . 
Red IHagnituclB and Colour Index (Harvard photo-red, r/. A., vcl. 89, p. S3; effective wave-length AffSOO).— 
n * “ B J 8 tem— the effective wave-length of which is halfway between the C and U linen, and about the wave-length 
at t a average Intensity ewW* eoLir spectrum—red colour index is about 30% greater than yultmo c/i (1 nt-ernat. 

photographic [/j minus photo visual [m^] mag.); blue-red aud ydl^nd c/i=/-m^ and 

PitQtO-elec trig PlagniLUdeS ana measured by a phatej-eleotrie wll (different from ihe thermo-couple used in 
i n bolometer); it gives great accuracy for differences between atora of the same spectral typ®, There is no photo, 
electric magnitude scale, aa o&lls vary in sensitivity to different eokmre: (the bolometer integrate* all the radiation). 

RddiometHo or BolomotTlC frlftjfnKude give* Che total radiation emitted by a star—the light, boat, ncctoisi 
rays, etc.-—iniug a thermo-couple or bolometer, instead of the eye. ThevsHsbLe Stan 3/iraand ^ Cygni, at maximum, 
amit nearly twice a* much radiation as at minimum, but their light increase* some 1000-2000 timet. 

Rad\rm*ir\.c JLfagnitmU n expressed os the same system ns visual magnitude, and the difference between the 
radiometric and visual magnitude is called the Meat Index (oorreaponding to the phutographio Colour l&du], the two 
being assumed to coincide lor Type A0, (Sue Mri Wikon Annual Report, I93J5). 

Botamctric Magnitude, on the other hand, agrees with visual magnitude for that Type of utar whose radiation 
has maximum laniinaii* ctLcjancy, so that visual tnintH feolometria magnitude ii al ways positive (+), or aero. Tho 
Type for which the visual and botometric magnitude agree is very nearly that of the Sun (Type GO). The Sun's 
absolute magnitude is about i t ritual, 4'fi botometric; radiometric, 4 0. (See MJT^ voh 77, pp. 30 and 60i> 

Combined Mfij^nltuds ia the resultant magnitude of two or more stars, so close loguth&r a* to appear to the 
eye {or bo trusted) aa a single star, ft i* t||j? magnitude correaponding to the into of each a tar's individual brightness, 
referred to that nf mag. O'OO taken as 1, au-d ia fouml ms tallows (adding the two inaguitudes would give a fainter one), 

X ateria magnitude multiplisd by -CH give* tbs logarithm of its bright™ relative to mag. M». 

The logantlim of rv sWi hrightnes* nlatj cb to mag. 000 when divided by ^0'4 gives the magnitude. 

Colour Magnitude i* the muguitude of a star Tn?-a*nred for ^aob of the wave-Jengtbi (referred to B0 a fl 
*UudardX and reduce! to itandurd A0 by theoretical black body radiation (see M.BM&). 

Opposition Magnitude is the magnitude of a superior planet when in opposition (p.h); the planet is then 
nearest tho Earfclj and brightefft, and {In Lhoory) Lsonly then seen with it* disc fully illuminated. Ordinarily the term 
denotes, the opposition brightness at distance, as a planet's diataiwe and brightness vary at diHersuL oppositions 
The following Table gives the approximate range of plamjcftry variation in magnitude (aw al.w diagram page 41)^ 

I'LftrisL Ku.ni* M-W, ^vua Uim. iu*. tUt,m SUl. HHlw Idox J|-A u Vfnt « jnu 

Morn -riBA -t'l N Sato m -0«4 -Oifltajl ^eptuu* 7'BS 7'65 7'&i 

Jupiter -2-5 -SS3 -n || Urittnte &74 3*7 U Piute 12S 14 

Limiting: ttTugllitUde- —^Tho Limiting Magnitude of a star catalogue—the kid®*; of it* eompletenpa*, s* 
omiwiions bwem* too ri table it a cor tain a Luge --b tfjat magnitcdt ou the brighter ride of which star* omitted from 
tlun catalogne about eqjual in number the stars on the fainter aide indii<l#d ie tlis catalngue. 

Colour Equation : Magnitude Equation. —The first u a small correction cn the magnitudes in different 
catutogui'ji to eliminate (a) the eatoar-MlrcUvity of the instruments, atmosphere, Jcc., of the cbiwirvafcories rsspoitslbto 
for them, which affect* the results, especially to photogreplcj; (5) the uncertain brightneH-coluur error, due to the eyi$, 
known as the Ptirkinjt Jfjfdct(p.4l2). The Magnitude Equaiiim Is a similar small correction, to remedy the ertnrcauterj 
by transits of faint stars being ordinarily registered Uter than khoie of bright atari In the same position. 
e * Approslmstsly tfuiaf Mi m 
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Luminosity; Surface Brightness. “The luminosity of a star differ* from it* magnitude la being tbe taiutd 
■mount of Light emitted by the alar, iiuteod of the apparent .amount, judged by its brightness to the *ye. It depends 
on the star's din meter and temperature, being the star's area {act. uni, not angular) mufti plied by the amount of light 
it emits per square eanti metre, or other unit—i.f,, by iu Si+r/cwf £riy^™ii 1 'He Sun's luifws bngktaeu ii tulten aa 
mag, 0, and a a car's relative surface brightness, + or -, it oxprosasd in magnitudes (Table, p.riii)—symboltserf by J t 
The luminosity relatively to other stars is given by th® abaglut* magnitude, or brigbtueai at 10 ponecs distant 

The higher the tempera tore, the greater the surface brilliancy ; thus atari of the ume absolute magnitude may 
differ greatly in size and surface brightness for a low?-temperature 1 Giant f (p-*0) must have a larger diameter than 
a high.temperature B-star, to bo of the same absolute magnitude. From this relationship the diameter of stars can 
be calculated, independently of their distance, from the visual magnitude*, ths surfacm brightness being obtained from 
the type. The diameters that had been predicted on this basis were found to agree closely with the obsarrod values. 


star classification by their spectra. —SeoehL m iMS-fl7 found that when the light emitted by different stars 
was analysed by the spectroscope, their spectra fell into four well-marked group* which graded into one another. In 
1S74 T Vogel modified Seechi's scheme by adding two subordinate Glasses to GEa-i* I; another (Woif-Rayet stars), bo 
Class II ; and including his third and fourth types ns sub-divisions of the oaiuc order. Bedrid's Type* are now little 
used, except historically, but for very uncertain oases the I.A.U. define* them oh follows (05 was formerly Ou)i^- 
Ttpji L 06-F5, predominant hydrogen Hues. I Ttpi TIL U, titanium oiide hands, i TvpnY, 0s-0d, bright Wolf-Eajat 

H ILFfi-EB, protmMot QMtallie lima, I „ IV. N and H, carbon banda, I linea. 

About 1690, Pickering introduced the " Harvard"claatiMention, now univuraally adopted, lettering Serehi's original 
groups, with other*, w in the table opposite, the various Mctki&s being spoken of m TypeO, TypuB, «ke. Gradations 
or intermediates are indicated by combination* of the letters with figures denoting tenth parts. Thus B2 (a con¬ 
venient abridgment for B'2 A) denotes a epee tram nearly like that of Class B, bat eat j mated to he two-tenths of the 
way from 0 to the following Class A: and 05 (— 05B) means five-Eonthi of the way from 05 £o the neat Class, which 
is B, as Type* W, 0, am first in sequence—the original order was A, B,C, tec,, hut from later information it was 
altered, *n d some mmucecssary letters dropped. Beechi'a etnjisc* wore based on visual, the Harvard on photugmjihia, 
apectra, hat on the whole they are fairly occcfdsjiL, Typo R was added 19QB; 8, 1922j W, 1935 (I. A. U., recommended). 

BO is the highest of Class B (the 1 0' ia a starring cypher, not a letter), and ths sequence ia OS, 09, BO, Bl t -B2, 

B3, , . D9, AO, Al, AH, ifco.; the scale is thus n r 3 recant) in jr one. Sub-divtaionjt a, h, e, Ac., art used where there 

is uncertainty as to the detail®, but number* ar* substituted wlu?n the nra&uary information is obtained: J a' and f n' 
itart, however, am not subdivisions, hut stars having ‘o' nr f u 1, characteristics (p. 19), Variable itur* are now classed 
at maximum (1922), For the *ob4iviHiuus included in a ‘Typo* when used in the average sense, or in statistical work, 
see unit pngs. For details of Types O to N, see E.A., Yol. Sift; H\Q. 145 ; and Draper Catalogue, 1934 (J7. A,, vole,,90-99). 

Early and Lot* Type stars denote Types B-A, and JL-M, respectively, somewhat inconvenient survival*,, in certain 
rwpects. of Vogel's aasumptiou that Type I stars were the youngest, and Types LIf and IY the oldest, before the 
Giant and Dwarf divisions (p. $t>) were known. For the Mine reason, the- Alain J&yueuiis i* the downward progresaian 
of increasing rednraa, O, B, A, F, G, S, 51—Types R, If, branching off at (Jj and S, perhaps, at K5 or 510, FypeW 
uiav be the Inst stage of another sequence from Nets through planetary nebula to join Typo O at the other end. 

Ruasatl Diagram This shews very effectively the Giant and Dwarf relationship and the Stain sequence, ths stars bring 
platted according to Type (temperature^ arwl absolute magnitude (Inuuuraity). By adding ettrras representing 
maases, the Diagram has been AX Sanded to exhibit die mi inanity relationship fcl welt. 

Star Colours.—Colour is an index to physical condition and temperature (p. Si). A Lilt oE the mean colour 
of each Type, and iub-4ii vision, U given In Monthly Notices Royal Aatron. Society, Yol. Si, p. 29. 0a to Oc are given 
04 greenish yellow; B2, B3 t white ; AO, pure ydiow; AS, yellow ; E^ t orange yellow ; IfO, orange ; R, orange red ; 
He, deep orange r&d; intertuedkle type* merge into the next colour. Colour also affects twinkling, as explained on 
page 3S. The oomponnnu of many double stars exhibit the curious phenomenon—sometimes merely optical—of 
being complementary in, colour—orange and blue, or crimson and green, Ac: for examples, see Note* Star Charts. 


Relative If umbers of different Types (Shxpley)—Of ths S’SG.OOQ stare, to about mag. IP, in the Diuper Cutalcgue, only 
some 5D0OO are af other type* than B, A r F, G r K, M. Nearly 00,000 are brighter than about msg. &A : 80,000 sre wacntLalsy identical 
with the Bun, and && per cent are probably within 3000 light-years I)f USr A Mid A ore most common in the Milky Way 

frs ... DBA F G K IINES 

'' TyreMiniuiM ._ {30.BV fl&At) fAS'ftf tPB.Wj (MKU (K^Mt) - 

No. of Sure ... ... S.HJ7 SU-0 46.662 73,20B 13,064 

Ptrtomt&H, la Maq.&i ... 1&-9 30 5 10'4 fl 0 30 1 S‘l *« — 

» « 7 4 U'O 19 7 3S 4 7 B 
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The Harvard (Draper) Sp&^tral Classes—The Table below gives tha salient features*: the Roman namer^ls 
indicateSeech i : a Classes (p, 111). The temperatures are those for a "black body* (p. 21), and are more or Je*e approx- 
irnate, those below Typo G (Sun = 00) being probably rather low. For tha Radial velocity of each Type see page 31. 
Re, Me, Se, Oe, Anv, star* denote B, 51, S, O, Ac, aUn having bright emission lines (see p- 23), 

1 Type B/ H Type A/ «tc M whtii used in the gutier&J sense, or in itatktieal work, does not usually mnan the scries 
B0 to HU, or AO to A9, but an awntj/r Type, in which AO, BO, die., nre approximately central, including the latter half 
of those lettered in the Typo earlier, just an ‘2nd. magnitude f is not 2-Q to 2 D, but l'5 to 2 L 6, or I-8 to Shapley'n 
Table, opposite, indicates an (approximate) qjiqsI basis, but there is no definite rule: some begin Type D with OS. 
VI. Tvws W r WotT4UTBt Stark (at prewuit in Type O), Gou^numuspeomrsi with many strong emission bands due to atoms 
of high ionisation potential : moot important J 79 . 1 , it, assoriated in a nitrogen sequencer with St m, it, v 
(Type W); orio a carbon one with Cit, m, rv (TypnW'j On, m, rv, v: typical starft Wft HJ>,llT.Sfra, Wft 1&.523. 
V, Trr* 0. Wow-TUrnr St Juts (Greenish-white), Vary high temperature*,. Inirg® mass™ and veloci tics: bright bands in their 
spectra indicate conusution with planetary nebulas and final stage of Novm. All in Milky Way, or Mi lg aTUirf e 
Clouds. Subdiviadona Oa, Ob, Oc, Od (Wolf-Eayet stars proper); and Oe* abclluhed 11K8, 0B-OSI being aubflti- 
ttiled, with Wolf-Rsynfc bands dcstrribod by affixing a, b, c, d, M Oifrb. (35,000" EL, 61,000" F.). y FdurKm, 
f. TiteB, Orion or Helium StaBE (Bluish). Helium Hoes prominent; very brilliant and hot; Iftfga IB*WW ; meao dnnaily 
1/L0th Edo's. Very distant: small proper motion* and mean vdoeitlos: Strong. Galactic concentration; brightest 
mostly belong to Local Cl aster; great globes of glowing gOA (SifOOD" K., 44,000" F.). r(BO), ff, f Qntwit; p Crvcit. 
Typo A Bmiitf or HtDacKiREt Staba (White), Ealmer Hydrogen linos vary interior, Helium absent- Moat numerous Type 
after K. Predominate in low galactic latitude*. Greater proper motions than B. (11,000^ 1L, SO,000* F.), 
Siriw (A0), a Arvdr&medtt, (i Can**. 

Ttpm F, R rB.THN -Sm.su or Calct™ Stash (Yallow-whita), Calcium H and K lilies very prominent: Hydrogen lines much 
leas In tease, metallic lines ieuurmao, Much Ices numerone than A, bm include majority of known bLuArtna, and 
Iorge-propor-motion store ; little Galactic concentration. (7MW KL, 13,800*1’,). CuftOpui ( KOj, 7 Bo6(ii t “■ 

II. TtrieQ. SdLiU StAkfl ( Fellow), Hydrogen Lines narrower and still leas into rue ; B and K oaldum hues promioant, Mid 
many fine, dark Linas in spectra. Dutmity ctf Dwarfs about 1| time* that of water. 5leva more rapidly than 
preceding type*. Little Gftkwtw eonreutredou. (60Otf EL, 10,000" F.). Aim, CapeRa^ (00); Cmt*inr\ £ ffystrL 
Ttps EL a Bf ifii m i w of Bin-So las. Staes [0r*±igft*yellcw). Hydrogen linos fainter, hydrocarbon band* appur; density of 
GinuLf about l/10,000th Sunil : most niltnerona type, predominate on tl)0 whole in low gdUctSC lutitLides, 
(4300" hi., 7000* F.> dnrturw (E0), * Crtt* 1tjqjr, e, ft /ndt 

III. TttUlMh Ahtojuan Stabs (Orange). Spectra like that of the Sim, but with broad titanium oxide and calcium bands or 

fluting*. Density of Giants lew than l/^OQOth of Sun's; of Dwarfs, greater than Sun'e. Very diataut: higher 
mean velocltlre than BtoK, in all direction*; widely roattcrad. Fainter star* shuw a preforcii’Ce few the gndactfo 
centre (Sagitlsrins region). Sub-ehmeoe were Mu, Mb, Me, Md (bright lines):: 5ld was abolished 1022 (the 
■emiseiou' sign A e“ safficoa), the others were made MS. (300Cf K„ 4900*F.)L jPrfafyw«{MU), /n?ar*i, J/'im. 

IV. Ttm JST, C ahhoN Stabs (Deep orange-red) Peculiar bond spectra Jik« them of comcLs aod Dandlo-flamos, due to carbon 00 m- 

pounJs; two-thirds Id or nooT Milky Way. Probably in * branch SAq;UCtiOft G, R, N. SuW]a 39C4I Nb, (made 
NO and Xft Iflat), and No, the deepest rod of all the stare (as B rtjaW). (2SOO* K. T 4200’ V.) T Camre 1 Ik, 
Used far gpeecus nebulae. (For drt*<h tn If, A., *pf. ^ l U 19 

Used for Novae. Divided meanwhile (loss) into Qa, Qb, Qo, Qd, Qn, <Jx, Qy, Qa : the last has weak Wolf-Rayet 
bauds, bat, unlike tfiow before it, no bright hydrogen How. (See p*gu4S; *tul Vnm#. l.A.U^ 1D22, 1JJ2S). 
T¥P* B- (Orange-red) Garbou bands; Tiamvlly reasmbleHN, but photegraphicaUy dEflerent, blue and violet being brighter; 

not so red ae M or N : brightest,, mag. 7, Probably joins mai n eequonro at G, tbs branch sequence beingG, TL, X. 
Added 1008 [ff.a 145); muetly in N prevlcaAly. (2300" C, 4S00* 7.) BM. - IQ'5Q57 (B0), CD. -if lfOS^. 
Tl HE S. Red .sitare, M Oftt.ly long-period TaruiblBB ; very complicated spectra, bright hydrogen lines, absorption and am bud on 
lilies^ and some sireotiinm mlde abserptiom hatidfl ; perhaps a branch from Ik5 or MQ, Adlled IB29 ; mostly in 
N previously. (&oc A iist Mt. ff". Contr, 252). ... ... ... ** CrmMi, It A itdrvwwdk R f^pet 

Notation for P&CHilarities.— There are two sets of notations, one prefixed, the other aflixod to the Type; 
"earlier" iftenna in the Type R direciion'; ■‘later", in the M direction. (The letters may be combined, as Ofik.) 

PrmBxn* fait tim uA <Uu,i \* TV. I A. ft, 1 « 1 . lOAt 

c All linw normally UMITthW and sharp (p,^); later than Bd, 
hydregen lima and enhiinced Unefl idraonunllj etmrtg. 
g Giant Stare Enhanced lines fairly Ntreng; hw-tem|>sr- 
aturc Limw relativsly weak ; bydrogou linCB stnmg. 
d Stare, Enhanced lines wuait, wcuCnalclum-* tiUninm 

1 Hob us«l mrikr tiau B3 ; " ( 1 and ‘d" bEiaa Fft) [ltece strong. 

0 Bright einiaaiort tinea, except in P, Q: remarkably a! 
ei| do. ; with abeoiptinii fine on tho violet side, 

er do. ; bright Hoes ooanpic'aly ‘■rev eraed', dark centre, 

*m Bright hydrogen A fairly conspicuous bright metatlju lines, 

* Typn <1, D. 3’, At,, of the crlgioal Kh»m» w«r« fennid radandsut. 


Type P. 
Type Q. 


ew Wolf-itayet emission lines or bands: oonspicucus, Bwl 
k Stationary hydrogen and calciam lines, 
a Lines nnuiiually wide or difihse. 

p Pecniinrities : symbol of tha element most affected in 
1 Remarkable, [parenthc&la: UnideutlflciJ lines 1 Urn"), 
q Absorption line On the violet side (with o). 
s Linns sharp, but * c f charoctemtic not present, 
v IndirAtca a variable spwtnwn. 

[ ] Forbidden lines; symbol of element in square brock sta 
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Giant and Dwarf Stars.—Spectral type indicate.* tb* temperature; temperature regulate* the surface bright- 
mw ; and the aurfara brightness of a sur multiplied by its area gives the luminosity or total amount of light emit ted. 
This, Again, regulates tha absolute magnitude. Hence, when fc-wu alar* of similar Type have different absolute mag¬ 
nitude*, they must hare dtffarettt light-emitting arena, and diameter*. This is well shown on a Bwtuelt. DiagramijhlS). 

Analysis of absolute magnitudes show* that on the one hand there is a continuous aerie* of .lUn from Type* 
to II, with increasing temps natures, which hare groat and fairly a cm at Bint Absolute magnitudes, ranging fnuu about 
+ t r 0to - a-0, or about three magnitude*. On the ether hand there is a reversed series Iroiu A to _V1„ with doorsaaing 
temperatures, and absolute magnitudes falling od* a magnitude or two an each successive Type below is reached. 

Hears of the ioor<yintng-temperature seriev are known as ifimu*, thune of the doareftaing-tetnperAt.ilre one as Dwarfs, 
because the Giant M-atara mUBt liave enormous diameter* to appear as bright as they are with their low temperature*, 
while the Dwarf M-ataos must be aniall In diameter to appear ah faint as they arc, with aiiniiar temperature*. These 
names, however, only apply literally to the M qr late K sure of the two branches, as the difference In dimeter be¬ 
tween each branch ccntiritialiy lessens with each stop forward* or backward* towards A and B, until, in these Types, 
the member* of each Buries can not be distinguished : from b"0, however, Giant and Dwarf stars are known by their 
’enhanced" and Mow temperature 1 linos (p. £5), the Giant* having a lower temperature than the corresponding Dwarfs, 
which arp bluer,. The Dwarfs greatly out-number the Ginnte ; the cooling stage probably Inst* much longer, 

SujNtr-^vmfa are about 1000 times brighter Chun the Kun + with absolute magnitude* greater than about- 3 * 0 , 
like AsJij/^oihht ; mean M (aba. mag t ) about - 37. Svb-tfinnfa, 4 well-marked group, average about H> times the Sun 4 * 
brig lit rices, with mean M -** + 3 J A 

The Whit* Dwarf* —exceptional stars like the companion of Sirin* fSirin* B} —are itara of Ugh temperature, 
yet so very faint, in proportion to their distances, that their diameter* must be of planetary sire, and their average 
density ilmrot incredible—some of them million* of times that of water, their largely electron-stripped atoms being 
packed enormously closer than in the matter we know (ace below). Being so faint, only the nuarur one* can be seen. 

Stellar Evolution,— There fbet* suggested the 1-lerttprung-Ruuell theory* that a star begins it* visible life a* 
a diffuse low-temperature if-giant. In AHourdance with '1-Ane'i Law 1 —that a gaaroua body r Fid Eating heat, and con¬ 
tracting under its own gravity, must get hotter u long as it behaves a* a perfect gas—the star gradually rises in tem¬ 
perature, and ao passe* into successive higher Types. At last a Type la attained—determined by its mass (are below), 
—at which radiation balances the energy supplied by contraction, and the star therefore begins to cool* and, entering 
the ranks of the Dwarfs, pannes downward* through the same Typos again to invisibiliy. 

This theory, whilait offer* every simple explanation of the Type-gradations, by no meana explain* all the facta, 
and from the phenomena of Nov® and While Dwarfs., it i* now Huspetiicd that change of Type may be of a catastrophic 
nature, due to the collapse of a star, 

Mass-Luminosity Law.—If stars are plotted according tomua and Absolute magnitude (luminosity)' they lie 
along a smooth curve on the whole, um*s ■*■ luminosity being practically a constant ■(except White Dwarfs). This moss 
fuminarity relationship enable* star masse* to be approximately calculated from the apparent magnitude and luminosity. 
A itar'e man* seems to determine ita temperature, for only those of great mas* attain Type B, and these of very great 
maw Type O. It now aaeui* certain that as a star grow* older it* more decrease*, mass being converted into energy. 

Period-La mi noaity Carve.—Many stare vary in bright new*, some irregularly, others in more pr regular period* 
A certain type of three, known a* Cephnida (p, L3), have the peculiarity that those of a given period have practically 
the aauib absolute magnitude (luminosity)} the longer the period, the greater the Absolute magnitude. The visual 
magnitude of a Cepheid a Ur, of known period, will therefore give its distance. This property of Gepbeid* U of 
great importance in measuring the distance of extra-galactic object*, but the reason for it ifi not yet known. 

Star MftSS^a ana only known dirswtly in tho case of binaries* the average binary system having about 18 time* the 
Sun’s ma«t (contracted, 1*8 0); halving this, give* the average individual alar mass j ua {J-9, or nearly that of tiie Hun 
The mass of non-hiniyy stare fa roughly calculable from maa* and luminosity, see above. 

Masses five or six time* that of the Sun are not common, and no mare less than that of Kruger 60p, If&th of the 
Sun’s, fa known. The greatest known masses are the component* of a mag. 8 08 binary, fiwtkf.it’* Star (//,/>. 47 t 129, 
combined absolute mag. - fl + 3) ( at least U53 and 113 times the moss of the Bun. 

Star Densities, —Those of Giant M-xtora are very small, less than that of air t being only some l/ 10 , 0 OOth to 
l/30 T €Q0lb uf that of the Dwarf Hun, which la 1 43 time* that of water; Aniartt iuu no greater average demity than 
tho vacuum in on electric bulb. To make up, their diorartem arc at the order of 100 to 60Q million nuk® (seep. 21 ). 

The White Dwarfa are at the other extreme; Fan Jfauruint Star, absolute mag. (visual) U-+, h found to bn about 
the ■sire ef the Earth, and Bome 300,000 times as dense as water —20 ion* per cubic inch, A.C+ + 70* 8343, a I 3 tb 
mag. OO star, is half the *iu of the Earth, and 36 million times denser than water - 820 tons per cubic inch I 
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Star Temperatures. —Spectral Typo Li chiflflv * temperature phenomenon, and etelkr temperatures ran be 
UHSAiured by analysis uf the 'emergy dutd.biiE.tGn ' in their spectra—that k, by wcertaitiiiig the point it which the 
In tensity i j greatest: the further the maximum intensity is toward* the violet rad, tho higher k the temperature. 

A star temperature ao found, however, u nab that of the interior (which in the Mala Sequence is of the order of 
30 million degrees K.}, or of the iurfacu, hut is what k called the Blatk Body or Effective Temperature, which maybe 
defined us the temperature of a ■'perfect radiator 1 (say that of a sheet of lampblack, the nearest approach to it) which 
aendi out the name amount of radiation per unit of area aa that emitted by an equal area of the star. This is baaed on 
1 Stefan’s Law’—vix,, that the total radiation ii proportional to the 4th power of the absolute temperature (see below)* 
multiplied by a constant depending on the nature of the radiating surface For the approximate effective temperatures 
of each Typei sou p. 19. The White Dwarfs have central temperatures of the ardor of 15 million degrees K ; the M 
Giants, only a few million degrees E. The lowrat effective temperature known k about 2000‘K, 

Thu Colour Temperature of a star k determined from the dkrriiu^oa of intensity in the continuous background 
betwrx’n the lines of its spectrum : it k always higher than the effective temperature based on the total radiation : the 
difference increases with the temperature. The average Colour temperate re of the AO stars (Ifl.OOO'E.) is the tero. 
The Ahm Lute Temperature is the temperature above Ab»ainte Zero, the tarn pern turn of a gas containing no beat^ 
-873*C- (— 4C5*VF+>, usually staled iu degrees 1 E, 1 (Kelvin), which is the ordinary Centigrade temiieraiure^tfj'^TlT C. 

To cun vert K" into Can tig™de degrees, subtract £73^ into Fahrenheit,.* multiply by 0. divide by fi, and subtract 480\ 
Opacity and Radiation Pressure are factor! of great importance in the theory of stellar interiors; Tie first i a the resist¬ 
ance of the gaseous material bo the outward flew of radiation—hydrogen, the lightest element, offering least raLstenca ; the 
opacity of the bighly-ioniscd atoms in ataLLar Interiors lb very great. Radiation bVfjuvnf, the momentum of rndkot Energy, and 
proportional to the 4th power of the absolute temperature, is very pst inside a star, and largely contribute to the support of 
tlio xupeidiiErumbftQl matter. It slap SCCtnn responsible for comets' tails ; as the weight of spheres diminishes as the cub*!, 
and their projected areas as the square, of the diA-mater, for raceetbngt? email particles in the comet, when near enough to the 
s.itl i point is reached at which radiation praesiira exceeds the gyaviLaiiunal pull, and those particles will he repelled from the Sun. 


Star* Diameters,—The angular diamshere of tbe stare are far below the limit of direct angular mejurureimont. 
but, in. 1921, inttir£e.n>meter measure* showed that BUtfytVtt) praters*, Arcltirtu, and later, Mira, have angular 
diametere of HD4?”, J 041 lh, 1 -022", mud OJMT, our res ponding to 21,7-, 400-, 210-, and 12S million miles respectively, lessor 
more, according to the parallax adapted, (The mileage for any parallax may he found by the simple rule given below). 
/tsieipewM, however, apparently pulsates, varying from (T-054 to 0 ,F, Ql7. Stellar diameters can also be calculated 
on the basis of surface brightness and visual magnitude (see 1 Luminosity’). 

The diametera of White Dwarfs are of planetary ike, Sirius B baing rather small or than Neptune- and AX. 4- 
70* 824", roughly half the sire of the Earth. 

Diameter in Miles,—Multiply the angular diameter in seconds Q f wq by 93,000,006, and divide auswor by the annual parallax. 

„ Kilometres.— m m * „ „ 1^,000,000, „ n # * « 

Stellar Rotation.—In seme flpMtr* all the lines are equal I j wide, mostly faint, and fairly sharp-edged l* iha 
metallic lines being wide, the Stark effect cannot lie responsible. Thu wide lines are interpreted os being duo to the 
utarii rapid rotation, the widening twing the effect of the lints produced by each Limb, which are displaced in opposite 
direutiona. The most rapid rotation yet found is that, of Altaic 230 km./sec. (IfiQ m./iec.), which rotates in about 
7 bra., although its diameter k about I A- times that of the Sun, Smallest velocity detectable, about 30 fcm./nec. 

Star Velocities are bast known frum the radial velocities, found by the spectroscope with considerable accuracy: 
it gives this minimum-possible value for thr 'space' ar real velocity, whieh, in general, is greater, hut k known leas 
accurately. Its other factora of parallax, proper motion, and solar motion, being more or less uncertain. The spao*- 
*ei(Biti» cannot, however, differ greatly from the radiat one a, unless the cruse vulouity k relatively great. As ernes 
velocities, on. the average, apparently do nut differ greatly from the radial ones, the average space-velocity may there¬ 
fore be taken to be of the order of 1 £ times the radial velocity, C*. the approximate resultant of two equal velocities 
at righ t angles. Velocities are expressed In kilometres or mi Lea per second (contracted, 1 km./wc,’, m./sec,). 

The majority of star velodtie* are under 30 kilometres {VS miles) per second, those of 50 km. (31 miles) are not 
common; hut there are notable exceptions, RZ Gephel hs.viug the enormous velocity of 1100 km, (030 rnilra) per second. 
This i* far surpassed by the spiral msbul*, which seemingly speod through space with vuloolties approximatoly pro¬ 
portional to their distance (about.700-5 SO km./neca, or 310-.140 m./seci. per megapareec), up to 200 mil lion light-yean, 
or more, for which the curresponding spu>3d k some 2650 million kilometres (1350 mill son miles l per day (Table p xi). 

Ora the average, velocities tend to increjisc witJt advancing Type, as shown by the Table of approximate average 
rad ial re loc iticH (Campbdl, ^ J below : the velocity also increases os the absol ate magni trade increases. The reloci tie* ol 
the few R store known, fall into three groups - t under 10 km./sec.,about 40 km./sec., and high velocity 350-380 km./we. 

Radial YEJ.od.ty* Type O B A F 0 K M Me Iff B 9a P 
Km. per IKK.' .*♦ wty km. km. 11km, kin. IB kin, lOfkia. 17 kin. A^km. 18 km 21km. 24 km, 30 km 

M Hum per sac, ... Iftmiloa 4m. 7 tn. u'm 9m, 11m, llm. 22m 11m. 13m. l&m. 

Moan *bu. mag.(TJwarfe) - ntt +£"3 +4‘4 +8-S. +&-8 ... ... ... ... 

„ „ (Giant*} “ 4 ® “ 14 +Utt -0G +(V3 +U-« 0^ ^05 (-1^) (+04) 

* Apprarinuloly. iritMo 32*. 
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Stellar EquJpartition Of Energyr — While tliare are cousi-dcmble differences in the velocitien of individual 
uUre in Mob Type, stan of low velocity, on iJta newrqys, have lar^a masses, and those of high velocity MmaU itimbcii,. 
The kinetic energy ot each rtar-—-the velocity squared multiplied by half the mass—i« also, on the AW^ appwii- 
raately a cons taut quantity. This has been shewn to result from the inter-ftction ef the star* on One another over 
enormous periods. The B stars,, however, do not conform to the rota, 

Llg'ht-Absorptlon In Spacs aefttni to be at most negligibly, as the distances derived from the brightness and 
diameter of the remotest spiral nebulae are fairly accordant. Within our System, however, especially near the Galactic 
plana, evidence favours a slight absorption, which retbient the star*—lesapn* their maximum intensity^ displacing it 
nearer the rod. than the normal for their Typo— making absolute mlgfcitdrhx mom than they should bn, and dastances 
derived from them too great, Tor 0'7 mng, absorption per lOQQ parsecs, at 60(1 pareces the real distance would be 14% 
Less t-liuci the apparent; at 1000 pun**, 34% less ; at fiOOO panwa, &6% Jou; but Inter evidence favours a smaller absorp¬ 
tion, 0'40 mag. per K)0G jMirsocs being the most probable for nniiorm interstellar absorption in the Galactic system- 
Colour Jkjxtm ut the greater rednuia of a star (or eatcrnal galaxy) over a normal star of the same spectral Type; 
it implicit -some special factor,, inch u giant and dwarf difference (p« 30), or spaao reddening. 


IV. SPECTROSCOPY. 

SpCCtrOSCOpy boa now become of such Ear-reaching importance in aiit.ronoroicat research that loin* knowledge 
of its salient facts and terminology has become e sins ?d rw-n for utidersraniJing thfl differences between the various. 
Typos of atars, and tho references In current aatronomicoJ. literature. A jrirnilar knowledge of the atomic change* 
giving rise to the various spectra ii also useful; the fallowing brief outline may help thus© unfamiliar with the auto]set 

flight ts iuppnoftd to be duo to tbdaltticui or wavra in a (hypothcticali L i gh l -tr» nsmi t ti ng Medium known as the ether \ these 
light wave* are of infinite variety in their orwfcto-creHt or * wavs-lmigth ‘ dusumom, »™ bring exceedingly short, other# com- 
parallWilj bug, but thn eye only perceive# those within Borrow limit*. Tha aborts*! wavo-lengthu visible produce the 
of violet in the eye ; those about twice as long, the sensation of rod ; those of intermediata wave-length giva the sesieation of 
blue, grton, yellow, oran^ft, &u The light from an object. in analysed by paosirig it through a slit in thn ■poetroacOpe 1/hOOth to 
1/lCMjQth Inch wido, thou oLthor (a) through a prism at prisma ; or (&) letting it fall obliquely on a finely-ruled “grating*: in both 
OUW4I the narrow beaun of light is spread out, or k dispersed,' either into* leng coloured band, or, far same kinds of light. Into a aerie* 
a! aepwato hair-like coloured lines. («) form* what ia known ■* a pn-rntrUe upwtrura, in which the wave-lengths at the red end 
are au tub toss upread out than the™ at the violet end; (ft), a normal or difratfio* ■fmrtran, in which the disporaicn ia uniform 
throughout, and spread* out the red end to hotter advantage than a prism does , the loss of light in gratings, however, lb s* 
oansidaraUJa, that they cannot be qud for faint spectra. The narrower the slit, the purer, tout fainter, the band spectrum. 

jTfjffo" ' ~ ai 4 "*~'\\ V- ^ vtJf } " 1 *"* 

p. | \ [v.onv I " | | ihO'*" *^vT[ J ~ Ww7| 0***1"] S-L _ll 

L-J i. H mum -h,-^~ it Tm 0~T • bfM 

S, 'Werpm.E 1 Or 1 ULUrsovisn ' vpwtrunu <H«Emr«tiia ualienn P. 'PiimBSthi * vpwtrum. um Jon^th: ibulfl iliipenlmi red -vnO, !»t*s s* violet end 
# A \r5S4. Tettvrii I C kttflS, J7vJroym, Ifai DjXS-SflP, i E M«7J, /rert.tCd. j F MMl, Ilydrmm* ffft H ^a-iHSS, Cufriwn 

B „ | IK MilG.&vtiuBt | Di m* r ihH*n U, 51B4. Jraysiri'w I G 430A, Iren (ife Cnfs'inl | K HWH. « 


Angsirum Units.—The urest-tc-crastdistauace^ though vwy minute, can, b* meaaured with great lecumtiy,. and are eipremed 
in Angttmm Fnila (odntraoted, AU., w ai^ftroms)—each bten-Bdiiliinnth ttO" 7 )®/ a milLunntre, nr a + fcsi]tb-metre J —syiuhollaed 
by the Greek letter \ (denoting Ang, wave-length), followed by the number of bQU-Inilliuiithe from vjeflt U cresU+ 

Tba International Primary Standard wava-lsngtli to which other lines are referred,, i* M343&'4fi0ff. the wava-lEngth of a red 
line emitted by gMSOUB cadmium, and Unite on this ba.ii* are designated ' I-A-' (lntoraatianal angstrom), a# thfl origin*! AG, wo* 
aiight.ly over-Tatuwl. There are 1 SeremdaiV Mud A Tnrtlary h KUBilinJi, UBiitg the liivea of other rirnmeu, (See TV, AJ . U. 1932-28). 

'fhe Greek letter# 1» auroetAmiss rased instead of wipocially for the lunger wavw-kngtha, indicating that ihc EIrti™ are in 
ttomi-oiMilthn nf a milllntntra (Miuroni) metead of tcu-mitliuntbA; ##, or millK^ttha of a miLliiuiitre. are alao snmetiixifla used. Thu# 
# 0-d43K4Et9« - wu feli3 ft4BW5 - \ 6438-489^ W in need os tbs plural of !L (X—# XI OflOQ i #» - * +10,000^ 

Tto© Visible Spectrum rnn[jea from about X3000 in the extreme riolEt, to ^TfPOO in the ertremfl red, but it to#a no definite 
limits, as eyw vary in BeEiaiiirity, Gnsooti, boyend tins vv»let» ia the apectrum, of eTOr-Bhcrtoning wavo-lengtllBi- 

recorded hy ordinary plirotographio plates up to about \2tJQO, and by apeaial apparatus to \ MUX Bnynnd the red, nl#o unsoon, ii 
die infrfcrody of flver-lerigtbEmnE wave-lengtha, some-timm callod thv 'heat spoetpum'; it m trowal-la to hls,000 hy Bporial 
photographic dale*, tbannfber by other moan*, to the limit of the Krlar spectrum, about X50,,00U—Ihut there are waVE-ldigthJ* 
for longttr and BtoDHol l ■ lhaj] tba»e limita Gxygnh ia our atmosphere, and au ozone layer high Up, ubeorhe alt radiation from outside 
shorter than Si2300, nxdnpt Cosmic ; in the infra-red, tess than 1% of the solar radiation is of (grestur Wave-leisgtli than 140,0(10 
Conventional Divisions Of Wnvedangrtll (houncSMriea indofinite, saob kind gradEially merges iota the next: X^ariRfltrnm*)* 
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Th.0 Effective Wave-length of a radiating body may be atated generiUy aa thr waTe-lervgth at its average in tonally .for 
diftned amditumi— visually, photagraphicaUy, Ac.—the wavudoilgtii lit which the amount of lueh radiation is equal on each aide. 
* Fr*onhof*r r i ioLcen run froifl red to vi#1#t; vinlfft to red ii uow preferred— wiito-I cnglA ondw. + .Preyiattjiy £■ aloe used—tb* o«ibli« 

of UDduIauoui par i&cctid. 
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Emission and Absorption Spectra-—An rarandflawnt solid, liquid, or gtw under high presreira, gives what i® ojlcd a &m- 
ffeuaru apse*™?*, Whou thn light It omits is passed through th® prism® cf th® spectroscope. la otbur Word®, it emits tight of *11 
WP<J. leogtfea botwSHU the deepest r^d and the docpert violet, UhJor ordinary pressure®, however, each ftlflniCQtary Stibatanps in 
th® gftweotu state emits, when excited, only certain itefliute Waftt-lengths peculiar to ifcwlf, th® »«■ or th® ®] winun being missing ; 
In lb® ipoetroifc»p» thsaa appear, whan a narrow nlit is used, m a sen®* of isolated hxirltku bright coloured Sine®, forming 
* emission' or bright-lin® Apeotruin, and tbn appyaraue* of these, partkulor linw always indicates th® presence of ib*t dement. 

Qn the other band, mob sLemeut in the gama* state cum out oribBorba, from coatiEumLH,-spec Crura light tmvoraing it, the 
UtmJmfftto t/uit it emiti wh *n exciieti, re that in tbft spectroscope, the tight mc.t* after Lbs absorption ia no longsr 
continuous, bat broken up by a «riw of hair-like dark hues [the imn^e of tb® alitj whons thn atmorbed wavo-lengtha are inlMing. 
Tbeflfl dark linen occupy tbn unrn positions u the bright line# of the eroisalwi n^i.jtnim, and called ahtar-ptniH Umu J they not 
only indicate th® presenon of the element, but dan tell that it ifl at * lower tatnpnretur® then tb® Light-source behind It, osabnorption 
only taka plp^ie if the lOTiaaion of the absorbing stttMtaiDcO ia t®n than that of the emitting qubstaiwe behind. Absorption Here are 
*1*0 found, in the ultra-violet and mlm-rod Many oiemonta ore represented by hundreds of lines—BomntimG® tboimtida, as tree. 

Frmuphofar Linos.— The dark lines of the aolar spectrum am called after Fraunhofer, who ra-dijtcmwfd them id ISM, and 
lettered til® most prominent onus as in the Table above, which also givs® the uornsspaiiding clement and ware-length : (M), Ac., 

in the ultra-violet, war* added later, and tbs original (K 1 ) and (H*) ra-lottensd (H) and (K), But aa the sam® letters are also 

uapd for star Types, and a* chsmleal aymhols for sletanuta, to prevent confusion the T A.U, retoanusuded aa follows, in \$%s : _ 

Letters denoting Fraunhofer lines in astronomical works : should be printed iu ordinary Homan capitals, in parenthes®#. 

„ n Chnmical Symbols „ h 9 w n &***& capitals, 

Tba (H) Frftimhofw tin* (onkattm), crnist not be confused with fla, Hp, K r , ITS, Ao. p lines—«lettered by Vogal—which denote 
the 1 Bolmer' Sanna of hydrogen littiSs Iwltraging to the normal hydrogen apOutnim (only four appear in the ordinary aolar ipectnim) j 
ether ‘ series 1 of hydrogen lions appear ondar didwant oondirions. By is X 43-lOj Hi, \ 4Ii)£> tj hi maguesimn. 

Tellurlo or fttnmpHnria lines in th* srtactrnm. m (AMB), oiygent nnd (a} water vapour (X 7183X Wrtdt from abeorpti™ by tb# 
oiyg^Ji and water npporin eur atDiotphwu, *nd have no place, or only a vary faint pi in™, in wpcctm before tiwsy meb the Earth. 

Sands, groups 0 / very due® linos—on® side sharp, tba 'head '—in iow-bJmj.nmatur® Spectra indicate a wwtfwtifrFr ip&dritm* iu, 
cue pnxl 1.1 i.-ed by mnleculen, atoms af two elficnanu dhomicaHy combined ; the ordinary spectnim is that of tho normal or neutral 
atom (see below), A fluted ■poctnira in en^ that ban recurring groups of lines or narrow band*, giving it a fluted appearana* 

Flame, Arc, and Spark Spectra.—The hues produced by each, elcmeni are not the uwd under all ciiuimiatjazjo^, idling 
cbac^nd or raolilied under difEbtunt conditions of teinpcrAtup?, pressuro, ®*|MsciflJly tho forwer, Thn Ebimt, Aimac* 1 , or 
totnpcmLOiU ep^trutn given in a Bunsnn burner (arraiB 2000* C.) hae LomiKaxatiTety few lines, and differs in eema respect* from 
that of the Arc spectrum nhtamnd in the oidetrio arc at a tern [nunturn eif some 3000“ tn. which new linos may appear. The 
Spark spectrum, Again, prod need by higb tension dischorgHH, him ditferont chariwtariaticB frotn that of the arq on®, soms 4 low- 
tnmpuraturs 1 Umsa, that knife been fading h the tuiuperatwe posr, diaappoafing altogether, while other linen are L <mA<irt<W (pkt), 
that is, have grown more intaudc. Spaitn tali he studied up to icmporuturoa of some idJj,OO0"C n by electdcaUy'oiplodod wiiua 


Doppler Effect, nr the diKphu.'vmriit of the lirvas aa the result of motion of thn kgbt-Btiuroe in the line of eight, is of great 
importance, as it ctiablaa radja.1 vislucitics and rotalioD periods to he found, and spectroscopic binarioa to be diseuvoiud. If a 
Hmime of light ia approaching the observer, any Uu.ua noun in Its spectrum will not be in their normal postiionii, but AOmu distano® 
noarer the violstend of theepoctruni, or if thn light wanreo ia .receding, nearer the red nnd nf t,lw spectrum. As tho dispLaoetnent is 
proportional to th® velocity, tb® redial, velocity can bo calculatod by idiinidfymg a wriwof lirnw and measuring the amount of shift. 

In the earn of a binary atar, each star produces its own ant of line* - whoa both atore are In the lino of eight, the two note 
are euper-imposed and appear ui a tingle act, then being no orbital redial motion towartls na, m their motions are at right angle* to 
the lin® of eight, But when the start open out again, cue star ia moving to words, and the other away from ur. so that tho two 
sots of lines eeparete in opposite dirootione, and iumal thn dllplioity, and ths rMpocttvs arbitnj nuifat opoeda; the satno priucipln 
applloS to til® oppflaits limbs of th® Sun, of a rotating phUMit, ofr of a star (p 21), ons of which ia moving towards, the other from ns. 

Interstellar Lines.—SjonjatiimsH in Norw, and in 0- and B-typ® binaries, which are very distant* a third, set of precticaJly 
stationary lines of csJdiiui and sodium spiwara. These lines are now known tn result tom tho preunnee of intErstellar matter* 
uniformly distributed, in general, through oar System, and which rotates practically with the Galaxy: in stars nearer than say 1000 
parsec*, it not repeal its prteoocu, bdoauae thoirlight doss not travi^e a suihoient length of the ahsarhing modium to produce 
a perceptible efRwL The more distant the star, the attongur the Linn*, which property can b® nund to find the Sterti distauen (pm 14 Jl 
Z eeman Effect.—If a magnetic hold ia present, linos normally singlo may split up into two or more lines—torn which th® 
polarity of qimapofcs, and the petition of the Sun’s magnetic inn are found. 

Stark Effect,—The splitting op of linn* by an electric field ; tho#® of helium wid hydrpgc-n are greatly a£Toct®d T thaw of 
thn metals but little; Lime it can be distJngnwbed tost the Zeeman effect The haeior th® helium and hydrogen line#, the 
stronger is the elrttrie field, and the more prominent the forbidden Una&; also th® dourer thn stellar atmosphere uiiwt be, tn 
give the oloCtric fluid required In allcw th® ferbidden ILnre 60 L* produced in quantity. (So® also Stellar BoUtion, p. SI)l 


Tho Atom and Its Properties. —The varied stellar spoctru, and most of tho above 1 effect® ", are due to internal changes In 
the atem® of the elamantsin thestelLar attnuspliErea, under different temperatnra and preennre onnditioDa; thd following main hurts 
nmdorlie tflfl various phenomena, on th® Hnthorford-Euhr theory, which explains them well, though not completely. 

Tho atea# of an element or® th® smallest particles distinguishable by chemical moans; thon® of each element differ in weight 
and properties, hut all ore built up of the sam® fuadamsnteU—protons, tUcirn^ and energy. Each proton (is. hydrogen minions, 
re® iv 24) has a constant, positive charge orolectricity; and each doctnm (mas® only If 1347th that of tho nadeua), *u equal negarive 
elms-ya In th® normal atom, tbeml charges bnLatiue, and them being do otoetnc hold, m th« conditJcn it ta nallod a nsutrtu aiitm. 
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Tho Structure or tho Atom,—Atoms ara pictured m miniature aun-aiirfl-planet systems, th# atom of each element being 
nqrpn^xt la eausist of a nucleus (extremely small,, flveu compared with th# Haul?' atom, nud iLtoaif MDipOffte^d of protons and neutronoi 
so# teluw), positively sharped, and surrounded by ouo or mono 'shells' (orbits) of dootrons : cadi ekHtrou earrke * single 
electric charge uach orbit Only uun electron. 

In its normal (Uon-ionieud) Btato, no, atom in not charged with electricity, hence the number of unit positive nbargbi (protons) 
m its nucleus in equal to the num Lw of eLwIrwu* which murromui it; thin numtar is called this ttfOMit'c i utmiutr (diffantnt from 
the fli™w nr eiiaa* of the dement}, Kid derail nan it* durateat propartiu. Elements range in atomic mnobtrlbm 

I (hydrogen, the aiuiplvat, with >>rm dectron) to 93 (uranium, with &E electrons revolt'i.up round the nucleus), 

The K-rlng, fltG.—The electrcm-arbils are spaced in group*, each member of which has about the same energy Kid dInmliter, 
but may d Liter in eccentricity. Those prmtjM are known Os Rine/i —usually, man: apprnp riateJy, an i/ieib, because the Gtfituban 
of each group presumably man in difterent planes, their diameters being about die wumv 

Tho group msnraat tba nucleus conaiata of two orbits of equal energy known &* the jSVirtjt, which Ita* the lowest ennrgy of 
nil the rings i next wmen the L-riag, with eight orbito ; than the M'n-n$, with Hi orbit*, and so on ; the cuter ring of an elBinsnt's 
doctromj may contain only one cLtoclrtuCL The chemical end RpwtnkODCple quantities of an dement are largely determined by the 
number of electron* in its oatnnnnat layer ; these ara dso the moat easily ‘ excited" or * ioniacd f (knocked elf, *ee Ivataw). 

Collisions* — The atoms of agon, under the action of the heat which it contains, rush about at ip rv high speeds — to which gas 
jmuorfl is due—and am io.<*flS*HlJy od.lkling; the higher tba absolute tenjj>nrat.i.ira (p. Ifl \ the greater their apood, and the more 
violent the collision*. In a rarefied gao— hr., one at a very low pmwure—tho journey without any collision, or/r#f pwtA, of tho 
atom ia tangt the distance between the atoms being relatively great ; ntHskm am therefore !c» frequent than in a dans* ga*. 

Molecules.—At anil nary terrestrial tcmpEraluKw, rbScs dontit mist Oa single atoms but B*ffloiv™fcx,OdUl]MMdtif a pain'ormora) 
efatoma m combmati[m t either of the same or a differtutdeuienfc; when the temperature rites sufficiently, however, molecules am 
iff—nfffrtfmf f«.+ revived intoaingte atoms -fawapit™ at tba lowest stellar t olupoieature* The speed of thn molten Ire compos¬ 
ing a gas ia proportional to tbs square fool* of;—if a) tboir molecular weight, in vwiwiy, fl>) the absolute temperature, directly; tbs 
lighter the gas, aud tho higher the temperature,, the greater iho velocity of the molecule*—oath ipui having Its own. velocity for a 
given temperature. Left to thsmaelvea, tlia moltsoulea would dinaipato into npaoi^ but On a sufficiently nm«HLV* body, the gravita¬ 
tional force retains them with a fores depending on tbu body’s mass aod radios—so important factor io planetary htnv.fflpharos. 

Tfa IVffWi'jiy of E*&ip* is the velocity at which a planet's maes ceoaes to bo able to retoiq a gas (p 3J), Hydregan, tins lightest 
element, is lent first, thou hdium, water vajumr, oxygen, nitrogen; carbonic arid Lest, but at velocities no grxwter than a quarter 
of the velocity of escape, gasee dissipate into a|nwv nVLber rapidly. For the VelocititH cfewape, *04 |», ^iij. 

Qu&nlau—The eoef^v oomponent nf an (’ exdted/ Kn below) atom is stored tip in (popularly) 1 Cfi^rgy-atiime, 1 which cannot 
be sub-divided, Kach of them is known as a (plural, quanta), and represents energy equivalent to that of radial ion of 

sorao particlilikr waf e-length, quanta Of long wavelength having small, tbnsa of abort wave-lsnglh grmt t etter^y. (SAovl and Iqh$ 
wave-length, as gene™! terms, denote those at Mid buy mid the blue OD-d red OPldsi of the spei^mm, iwpectivriy }* 

There are quanta oorrespaoding te all wave^Leug^ba, each elemotit having Its own particular quanta of ecvrgy, correspOTiding 
to tJiOM wave-lengths of radiation whioh its atom* mutt qt absorb under diffemtit oondiriotai: only quanta with nearly tbewj wave¬ 
lengths non affect 1 tmiwltiona' in that kind of atom, but those of aliorter wave-length may ‘ ioniso 1 Ihc atem—ia, knock oil’ one 
or more of its nlcctnsns (b» below). The amount of »hoit wave-length energy io a cos dopendfl cm its absolute temperature; thus, 
at high temperature*, short wavs-lnngth quanta ore more plentiful than long out*. To sum up; in a stellar atmophere :— 
Temperature ia on indci of (a) the bum bar of atomic oclltidioui per seooftd, for a given pressure; (&) tho ejKftd 
of the atoms; (a) the viclenoa of tho collisions: (tf: thu proportion of short wave-length energy* 

Pressure only affects the frequency of the oollis i ons, by increasing or decreasing the dLstAnoe betwefin the atoms. 

TpansltiDiu.—^VTitn all the eh’etreni* ef a neutml atom «we revolving in the orbits nearest tbs nucleus, the atom is saM te 
be in it* fowif j f etwrgTjt or grvund [ normal} state. But (<*) by a sufficiently violent oolUa iUn with an electron or another atoiu p er (6) by 
anenuntar with, and alujorptiun of, a quantum of energy of wave-length the same as one of its own fundamental quati te, an 
atom may undergo fnnuilioa, being * raised 1 or lifted te a ' higher level 1 —ur,, of etiBigy. OEtd iretn that, it may be, te still higher 
and higher levels, the Electron being forced out into an orbit nf larger diameter, in aocordanoe with certain laws, Forbiddm 
framitiMu ate tWe forbidden by these laws, though they may occur in certain nnueual sequences or stefm. 

Excitation. —At evray transition of an electron to a larger orbit, a quantum of definite wave-length ia absorbed by til* atom, 
which is thou sold te bn acriitrf : It thn# bocomea a greater and greater reservoir of energy “ tho sicitation tncrsasiai} whatever 
the atuteint of oicitation, however, it Still remain# a ' neutral 1 atom. 

If left undisturbed, an slotted atom ‘folia 1 back to its lowest eucrgv state In a hundred -millionth df a occend, emitting 
in the pnjctuwi *#. many quanta of the Hame wovo-lengtha aa lit has absorbod ; the pruceiw may be OCCotUpUahed in eiigm. 
Certain tntuaitiocuq Imwevfir, are —tlukt is, if left to tbomBelvce, excited atoms in that etate may «uli Bill Urn ID it 

fur hundreds of thuusauds of time® longer than ordinary excited atoms ore able te dn T sometimes even for seconds. 

ItmtS&llon,— An electron of a neutral atom tuny not only be raided to a larger orbit, hut may olac bo completely knocked 
off, ami Left to travel on its own account; tho atom is then i#niW„ and la no lunger neutral, but positively charged, the negative 
electron being lost- Ionisation may b# caused (a) by a sufficiently violent ooUisLuzi ; (fr) by enooonter with a quantum of short 
wave-length, with more than sufficient Energy to lift an electron to the outermost larch loulned atoms may Alee bo Cltitod, 

Atoms rnny be auigly, doubly, trebly, &c_, ioilisod. The nsutral atom in indicated by tbs chemicaL symbol at the element 
with the Roman nutnoral I affixed, a* Oi*, neutral oxygen.; for singly and doubly ionised, «, til, are added, and so on, a# On. Om, 

f h ^EdrHT syitSEO affixed a «rnoh + for ■ci^i? Lnciiimiitm., for duct bis, sed #u aft, UisCsaJ of hr>mui ciumeralii, as 0 +T j 
n.iU furtlior LiiL'. k. the itoma caudng eukarjeed Lfoea were known u prcutecalriaai, protoeoafrn^Ivui, Ac. 

Atom* vary in the amount of ouCr^ required to Oieite and ioniae them, and tha amount I>f energy denoted by 1 (electron-} 
mitt in taken as the unit of measurement. The number of (electron-) volts required te excite, or te ionise, the atom of mtoh 
elsmant, is oivllod it* and Jo/iitriiiwA PuiHiittuia, the latter, of caurwe, licing greater tlmii the former (sea Table, ji. kiV 

* Largv oipstaU in alnn uutU. bat tho itikaii upibiJa ok ujhuA risoi h. t ftemowhat dlCT^wnt nmoLp^ fr?m the ccdlaoiy relt. 
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The Mass of the Atom, or nicm irrt§Aii, cousiste alnrort entirely of tli« inawi of the oaofata, and range# from that of tit* 
hydrogen atom (approx. unity, IflttT), to the of the uranium atom fthe standard it ui^n, 1ft). Generally, but not always, 
tbo weight of the atom tluTfiaaM a* the at«nnca number. Several elements may aiiat having identical atomic mJJuWro, hot 
differing in mss* (atomic Wright). Suob Alrment*. which ire chemically identical, are cajlad uakfljMi, Thnii, rn ordinary 
ocmmuo salt, the chlorites (atomic w^mhcr,, 17) cohnritii of A ItJ lltUf* itf two iwotoJiOS of (or atomic trtnyAj*) 35 and 37, 

while hydrogen a* ttoruuallj found contams trace* of an isotope of moss B (deuterium or hairy hydrogen, symbol Hj. 

Raya. — Tbo heaviest elementa and their isotope*, and some of the tHotope* of the lighter ftlompntu, arc rodib-tirfiro, that ia 
to iav, their nnclei break up spontaneously, into other nuclei and partlc]™, some of which (electrons or fS raya, hnlllrtn nuclei nr 
a r»T,si may he ejected at Very high e|iO(*dlH — when faJtcnftt, and meet penetrating, being known on hunt raya; whan hIoweit, mfl raya 
They also givo out slncim-magnetic rodiatiObN, called 7 which Mwambls X-ray*, halt are of harder (*,*., shorter} wav#, length. 

Whoa an a ray (a rapidly-moving helium nucleus) strike* Another tuideuA it may earn* it to break up into lighter luidei. 
In thc«e change#, uncharged nuclei of mans I (jiewfrcew), and particles of eitremriy small mnee (««*-««), are HUnCEimOl cm it tod 
They can N detected only when moving at high npoedo, and Icing nmol] and Uncharged have great purictrating: power. 

Csimic radjadoo, art's ring from unknown sources fa apace, may consist either of very high, speed f cathode 1 nr p rays (moving 
electrons) Of of electromagaotlc radiation of even, shorter wavelength than y rays, Thia rachatinn, striking atom*, may give rise 
to rapidly-moving pwrtrwu, aimilor to riartrena hut carrying * positive instead of a negative dwrgo of rioelrioity. 

"hie billowing Tabic shows the relationship of some of the lighter charged parti cl aa and atoms (the mivji rfae# vrath tlie spend, 
increuifig enormously aa the speed approaches that of light). The third oolacoQ gives ati idea of the bulk of tbo particle—fur 
the mow the atom is ioiiiwd the leu is it* bulk, to^mdally when completely ioniacd. 
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Set* of LlBfiB.—*f*to of the atom give* rise to * different set of linos in the spectrum, the ucutml atom causing one set, 
Oscitod stoma ether oete, Odd variously-ionised atoma cthfirfl still; procure also afiect& the appearance of the linen. And in stellar 
atmuaphereo of aimilor ecUupod tion t for a given temperature Mui prewure there is always definite proportion of atoms in each trtfttft, 
The BtrangEh of a line ia proportional to the number of atomfl producing it; atrotig Ibea indicate plentifal atom* in lliftt 
condition, faint lioe* relative scarcity, Strong linea naiioJly hav* IFptl^rf— u, shading on both aid™ of the fV^ or Sum itoslf. 
Contours of Linea—'The degree of hlackticaatrt any part of tha ahading of * wiugad line, With rtsfwetice to the harkgruund^ 
k known Mt the CWtow &T the line at that pniot^eo will'd beoauw the enBrgy-miiWn cbtaiued by platting the variona krteomtaA* 
a*^rding to wav#-length and blacknew, iaanalagnua to the gnulLout-Clirre n-btoined from the cootonr tm«a on * map, 

Entiineed Lines, in a spectrum, are due to thn normal atoma hecfimiag inniacd. loaiog one or more electrons a« the onm- 
bined recoil of higher temperature and altered praaeure (JuAti Ef-eet); each elomerit baa its own ionisfttiem COndittotio, tbna the 
preatmcM {or non-pretonw) of rertaiu Lin« in stellar Spretra a cine to the physical conditions in tha slani 1 atmoapbarea. 

Forbidden Lines orn produced hy pasalhle, hut very unlikely, ‘treJiaiiione 1 (bm pag* £4) in the atom, which cannot 
directly return to tha ground state, hilt only through othur trsnsiticiQB i «J5 electric field, however, cancel* tha up tib?tin*«a, And 
with a field of sufficient strength tha lines bacoma visible. TTte sppaaranert of forbidden linen in a star's uttncrapbare indicates 
that it is dell**, the electric: &*ld being dna to the clftae ioniadt Atoms atid fnte alcctreKoa, bqt In a nebula they become possible M 
the result of the aitrema tntuty— enmo 1/lOOfbmillionth of an atm«phert—And l W«vk J (if., not too strong) rJldlaticu of 
Tory high energy, *uc.b oa the short wava-temgth radiatloci from O and B store. 

Ultimate Linea,—Those fundamoutol line* ttf m olemcnt that afunnptre tot under great rarefaction. \Xhtm about the region 
of the sjm'tnim whlob -oannot opdinarilj bo ob»rved f thtwe that ™n Ihs observed are known an Itaiet idiim* a. 


Interpretation of Spectra - At very low pmoune, as in the Oiant atari, (p. 20), for a given temperature the wave-length 
energy available ia the same, and theTiolauco of oolliaion tbo same, m in dense store t eirtted and ionle&d at-ims are alio |.reaont 
ia both. But when on atom is locked, thediatanaw apart in o renfied gH being great, thBM is tens chancw of ill iwapturinf an 
eloutron, AO that the proportion of iouiffid atoms fS greater, and that of the neutral atoms Iwia f the Giant star win, therefmw, 
have stronger ionleed■atom linea and weaker neutral-atom linea, than those iti llio spectrum of a danse star of about tbo hatos 
temperature j :ta linww will also be narrow and sharp—tha 'o' nharacteriatia (p. 18). In dense stare, on the other hand, distoilrt* 
ajpart being smsll, iunEsed atone sotm recopture an oloctetm, thus tha nriitml-atom line# are etrong, the iouieod-atom lines fftinL 
At the Low temperature of the fnmoco spectrum, tha linns «f the edited atom* are faint Owing cbiofiy those or the mom. 
rosily Slotted olenjenfca}, wh ile those of the normal (hwmk enor^y-ntato) atom* are ntrong, the proportion or the latter atom* being 
the greatest With rifling temperature, owing to the mom violant oallinona and the greater supply of abort wave-langth quanta, the 
eirited-atom. lln« grow itronger, owing to the eveHnoreMing quantity of atoms in that condition, and at last, st the are sfJBetrtim 
tompcmtnre, joniwJ Hum of the Badly-ioolroci elamfiDte al*o begin to sppuar —him wren appear in the furnace spectrum. 

At a later ataga, the neutrel-atoro linaa diaappoar, tho«*<rf the waily.ionised atoms first, the more refractory later. Tbua tha 
apnjk (lower tom perature) aprotnun has faint neutral lines and ntftirti? rtihsnre4 or ionised lines, atoms now prepoq- 

dorate? faint llnai of the atoms moat etally donhly-ioniiied will also begin to appear in tha lowor-tempt?mture jqinrk apcH-reum, 
At still higher temperatures, the ionised low also disappear, being gradually replaced hy the lines of doubly and trebly 
ionised atom*, and finally, at the highest obtainable spark temperature, and tbs atm higher temperature of tha 0 star*, hardly 
any lines are left iu the visible spectram aiofrpt those of hydrogen and ioniaed helium—tha latter of which ha* a very high inm 
■motion potential, Unaa of other element*, howavar, eaist, but mostly ia ^naacaftsphlB' (nnobacrvabla) positions in tha ultn-nnld 
Plaootary and Claneoua Jiebulm, on the other hand. In which the dlUtonoffl. between the atoma I* enormous, do not shin* 
by their own light, hut by absorption and rw-am lasion of abort wave-length radiation, of 0 and E stare within tbam; they mu Lain 
atotiii which are doubly and singly ionised. 
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V. THE SUN, MOON, AND PLANETS. 

Thu Sun, u an object For 1111011 toloacopsn, it of little interest unleaa aunipota are Tiaible : ipecial precautions 
are requiredl ill observing it so re not to injure the eyesight {see p. 40). 

The tliac of the Son visible *11 ordinary occasions, known as the pfoiosphertr presents a grammar or ‘ rice-grain 
appaanne* in luge to] ewwf**. Even in * if mall inatrfl men t of 2 or 3 inches aperture, the aorf see wi! I ahow * mottled 
appearance, when the air i> itadf end definition good ; but thin mottling i* of * coarser tutun than that delicate 
granular appearance under higher power* with Urge iutNantt Fttulm, i t-, irregular, more or lens streaky 
paiche.i, somewhat brighter than the average surface, may generally be seen. They am elevation* above the general 
level of the photosphere, and exist on every part of the due, but am moat numercnii in the neighbourhood of »un~ 
ipota They are beet teen near the Limb or edge of the din, since the photosphere in this region ii perceptibly darker 
than at the eantro of the disc, having poly some 37 per cent of the brilliancy. according to Pickering. This U due to the 
absorption by the Sun's atmosphere of the light coming from within, which hm to traverse a much greater depth of 
atmosphere at the limb, before reaching the Earth, than that doming from the centre; it therefore appears darker tow*, 
contrasted with the family which have not lost to much light owing to their greater elevation. The darkening is 
specially noticeable in tolar photographs. 

The Sun's Rotation may be traced by the daily motion of the spots aorest the disc from wit to west, the 'tynetdio' 
apparent rotation period, as icon from the Earth, averaging 27 i days j *pots may that be visible for about a fortnight 
at a time. The sidereal or true rotation period it about 25 days near the Equator, and 27 days at 35*; tire synodic 
rotation period, at three latitudes, varies in about the tame proportion, The mean sidereal rotation P*™ 5 ^ present 
used in the S'. A* and AS. it 25 $8 days (27-3753d, synodic), but a 25-2-day sidereal period, 27-1 synodic, is pm-hupa 
nearer the true valuer being that favoured in the recurrence of siitiapotu, food®, fioeculi, prominences, and magnetic 
storms. The Sun's axis of rotation is inclined 7J* from the vortical to the Ecliptic plane (see p.40). 

Carrington’* Strict of Rotations (35.-36day), need for statistics, has re rere meridian th* Sun's prime meridian that preaixj 
through the receding nude ut Oh,, QSXT^ Jam l t 1554 ; Nai began Nov. % 16*3 ; nor, ISSlff, J*rt 3 74 (17b,46m). 

Sunspots vary in tire from .mail -pore*/ as tba smallest are tanned, to group* *o large re to be visible to the n*kod 
eye, on occasion. A turn pot presents the appearance of a dark irregular spot, or wnbv, surrounded by a lass dark 
portirm, orjMnum&ra ; the unilm, however, is only apparently dark by comparison with its Boeraundiogs, being actually 
brighter than the electric are, though its darkest portion, the WMTttt, ba* only about 1 per cent of the brightness of 
the average surface: very blank, round sputa, known re nvckoli, art often sera in the umbra, Bridget from the 
photo sphere, often intensely bright, may frequently be men gradually encroaching on and dividing up the penumbra 
and umbra; in large irpota, three can easily be see* with a 3-inch tel recope, or even leu. The sire of tpoU from 

about 500 miles to some 80,000 miles in diameter. These over 15,000 nulre JFak#l*y* %><*, viAibie without a 
telescope, when the Sun'* brightness it tufficitmLlj reduced by cloud, mint. or dark glass- The diameter of the spot, 
including the penumbra may usually be roughly reckoned as being three timet the diameter of the umbra, 

Thu umbra is usually some 2000 to 0000 miles lower than the general surface, which results in the Wiimti^fae^ 
the apparent displacement of the umbra as a spot approaches the hmh. On rare occasion*, when of unusual sum and 
depth, a spot is visible as * email natch on the Son's edge when just coming into or going out of view, 

Sunspots are never teen at the Hun's poles, and rarely within 5* of the equator. They occur mainly in two 
ion.ee between 10' and 30* of N. and S, solar latitude. Sputa in 4V-50' are rare, and no spot has yet been recorded 
beyond 00*. Sunspots bare magnetic fields, and the polarity, + or - , of the 1 preceding' or foremost spot* of a group 
is opposite la the N1 and S- hemispheres—^which hemispheres may differ very considerably In their Bpottadnoe*. 

The Sunspot Period.—Th* spottodnew waxes and a maximum being reached about every 1M to U 15 

yeani, nn the average, but there Is no definite period, intervals between maxima having varied from XJ to 16£ yeara; 
the apparent ll-vear cycle, however, is really a half-cycle, for the spot-polarity changes after every minimum. 

The rire to maxim tun is usually more rapid than the foil, taking about years ; mini mu m spo t ted ness m reached 
about years later, when no spot tn&y bo visible for weeks. Large sputa may appear at any part of the cycle. 

Spoerer's Law states that the two opot-zenes simultaneously move slowly from high N. and S, latitudes towards 
the equator. bearing minirnnm-the end of each balf-cyclo^the spot-unti are near the equator; the new halt 
oyete begins when spot* of opposite polarity break out in high latitudes, some time before the actual minimum is 
reached .nd two or three years elapse before old renc spots finally disappear. The new spot-rom* gradually declare 
in latitude, till. *t the end of eleven yuan, they, in their turn, arrive near the equator; high-latitude spota of opposite 
polarity then appear, heralding the beginning of the »eond half of the cycle. 

The variation of latitude is shown in a striking manner by plotting tba spots of a cycle according to date and 
latitude From its shape, this is known as a flutter/!# Diagram. 

B(hHi not on tLo Ctn.tr* v% *f «raiv«, greatly fanribailairtd *ksn bear tt* ttak 
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SUfiS pots and Magnetic Storms. —The curve* of sunspot nativity of lewMtrial magnetic itgrma, and (on 
the whale) of aurora^ doaalj coiuride, indicating some in! Smite acmi 4 CcLi.cn not yet wholly ex plained, A large spot 
n**y the centra of the diac ofusn coincides with * Tuning tic storm, but not always, and On the other hind the return 
of i certain area to tha centre of the riiac some time* cause* a magnetic storm, though no a pot ia visible, 

WoLF-S Sunspot Numbers giv* the relative * sunspot activity J for any year, baaed On fcho number both of 
groapa and of individual spate—the size of telescope used, and the observer, being taken into account. The number* vary 
from 0 to about 150 at the highest maximum, tod they bare been calculated back to 1810 (Bee Memoir* R.A.S. r vol.43), 
A sunspot number of 100 i* equivalent to a sunspot area of about L/aOOth of the visible disc. 

are rioud* of glowing red gas which rise *11 round the Stm"* 'limb 1 or edge 

from too shramotphere, a bright scarlet, irregular ring of light* some S 1 ' to la" in depth at different timea, acen only 
daring total ecliprea, or by moan* of a spectroscope attached to the telescope (we p,40). The rwwrrinjr layer ii 
a thin stratum of ga* which ia responsible for the dark line* in the eolar ipeotranij absorbing certain portions of the 
bright light from the layer* beneath, and reversing them into dark line*. In aolar edipwa, just before the Sun dis¬ 
appears, it shows th* line* bright instead of dark—a phenomenon known a* to&j&uA wpectrum. 

Filament* are long dark preminonirea seen in projection on the Bun's disc, Motion-form* are apparent filament* 
over a eumpot, but in reality only distortion* of the hydregan (C) line oauced by high radial motion. 

FlOGCUilr *ean or photographed by the ipMtro-heUograph, in one particular wave-length of light (nanally that 
of calcium, sometimes hydrogen), are email irregular cloud* of either of theso element*, which are seen all over the 
disc, and ihaw the distribution of the element over it. There are both bright and dark docouli : the litter may take 
the form of long dark wisps. The Jfofnr ^«uau, nr ifrreou Tkoto$ph*riqm t i* an as yet unexplained binning or 
fuuincu of the aolar granulation; it is tot known whether it is of solar or tormtial origin, ^Beseau' also mean* 
the network of squares ruled on celestial photographs for measuring purposes). 

The Cortma, also seen only during total eclipse*, in a mysterious, irregalar, pearly ring of light surrounding the 
Ban, It i* merer quite the same, cither in shape or extant, in sucoMiLve eclipse*, and appears to bo partly gaseous, and 
partly meteoric, for it shines partly by reflected sunlight. It varies with the H-year period of the Sun 1 * activity* 
being more or loss regularly distributed round the Sun at sun-spot ffliaimum, while at ran-spot minimum there are 
large streamers, several degrees long, near the Sun's equator, with tufts or plumes of light near his poles. It* bright¬ 
ness varies, being at timw uncomfortably bright, nearest the Bun, without a dark glut, especially when the Bun s and 
Moon’s dwuBton are nearly the same, but on the average scams rather less bright than the Full Moon, The Corona 
spectrum has a characteristic green line (ASSOi) duo to oxygen, ones ascribed to an unknown element 'ctmmium f . 

Bally's Beads are sometimes awn. form instant before totality—a breaking-up of the thin disappearing crescent 
of the San into a series of bright moving point*, like a string of shining beads,* TTaen, as totality begins* the prom- 
inuacas and corona appear until tbe Bun begins to emerge again; sometime*, however, they appear just before totality. 

Shadeto Biina* OT fringes, another eclipse phenomenon, are alternate light and dark hands, a few inches broad and 
1 to 3 feet apart, til at appear un white surface* for an instant as totality begins; probably doe to irregular refraction. 

The Sun's Magnetic Poles are about 6 * away (but perhaps this varies) frera hi* rotation poles; they rotate 
in 31-29 days (314 71l), and were on the Sun's central meridian on ^fitb June 1911 


The Stm's Temperature, that of a dwarf GO *tar, ia about 8000* K. (10,000'F.) near the surface. The Solar 
Coiwt/riHf, the amount of heat received by the Earth (on entering the atmosphere) from the vertical Bun, is 1 >93 gram- 
eakoriai per minute on each square centimetre ; variations of one to five per cent seem to occur from day to day. The 
temperature of sunspots is about 48GO*K.—1000" O, ( 1 S 0 Q' F.) lea* than that of the general surface. 

Solar Motion,— The Solar Apox, or Apt* of tA* Stw'j IFay, is the point on the star sphere toward* which the 
Bun is travelling with a velocity believed to be about H a B kilometres (12*1 miles) per second. The position of the 
Apex i* ascertained from study of proper motions, or radial velocities, but determinations differ, often by many degrees, 
different set* ol stare giving varying result*. In the main, however, there is agreement as to the general direction of 
the Apex bring in Hercules or Lyra, about R.iL, 18 bra, Dec. 34'N, (or, au usually stated in degrees, R.A., 970*, 
Dec, 34*H ), The Solar Antapit s is the print diametrically opposite on the star sphere, R.A, 6 hra, Dec. 34'S, 

Mean Dally Spotted Area or the Sun in millionths Of the visible hemisphere (project*! area, corrected for fairobartening). 

Year.— 1918 if 19 1970 iflii 1933 193 + 1935 1936 1957 1938 1939 1930 1931 1933 1933 1934 1935 193 G 1937 1938 

Arwi, ... 1118 IOGS 619 4BD S4S &B 270 B30 1202 1068 1390 1242 616 274 l!i3 88 119 624 il-ll 2974 EQJfr 

itr x>r i°y a* ** jaf «r jot j*t if w w er w f w «r »r it u% m 
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THE MOON 

General Notes.—The Moon it the meat interesting of all the heavenly bodies for asmall tolcnropa. Tn an opera- 
glass the dark portion* risible to the nuked aye Are neon to be the imoo'.bor portion* qI the Moon* aurfftro; (be re¬ 
mainder of the surface it a trnii of orators o£ ovary afro, from dome of which brilliant white streaks rod iato for a great 
distance. The most striking views are obtainable when it ia about its first or East quarter, when the lunar 
mountain* near the (erwtTHCor (or boundary between the bright and dark portion*)* oast long dark nhadowi which 
give a Bub effiset of contrast with the bright sun-lit part* At the time of full Moon this contrast is test* though the 
■jatemi of rat/j or bright streaks are then moat in evidenen, and an interesting field of study ii the total, or nearly 
total, disappearance of prominent objects Sfaginusj for Sor 3 days before and after ‘full, 1 while other* (notably 
the ora ton, properly bo railed, *eep 50) can still be located by reason of their being brighter than fcboir surroundings. 
TMa diflappnarnnoa I* very noticeable in formations traversed by the rays or itreak*, *■ in the S. W. portion of the 
Moon, A bw power should be used at first, for a general view of the dUe. (S5ee note on 'GbaervioE the Moon/ p. ffljt 

The Mono always presents the nurnc aide tq the Barth, that one aide of the Moon ia never seen at all. Owing, 
however, to whuE is termed the Moon's li&ratio n, or apparent swaying, duo to the inclination of it* axis to it* orbit, 
and to other causes, we sometimes see a little more on one aide or another, » that altogether about six -to tuba of the 
surface ia viable at one time or another. A full description of the Moon is quite beyond the scope of the prewrt work, 
and tbe original work* dsKriblng the feature* on the Moan's aurfkcfc, miah rut Nasmyth's, Fctaon 1 !, Goctfiiwra 1 * and Prectolfe 
Jfovn, are now cut of print. Current work* are jfttuw *d inner Format taut i Muller and Blaggi and Wilkin* and Moore*! J/ajri 
the Moon. 

lunar plain*, the darker and smoother portions or the surface, were supposed by the early tal«copi*t* to be 
uas —which they much resemble under very low powers—and wore named accordingly, More perfect instrument!, 
however, revealed that tLu auppuaod sew were simply vast plains, by no mean* level, or iraocitb, posaibiy once the 
bottom of lunar ocean*. 

Lunar mouTitaiTi ramjie and peaks are much higher in proportion to the moon's diameter than terrestrial range* 
are to the earth's diameter, some of them attaining a height of about five mile*. The meet conspicuous range Is 
77-ie Apr nnunw, in the northern hemisphere of the moan, which riles like a wail tram the More Imbrium. It is about 
600 inkles lung, and its highest peaks at tab a height of 3| mite*— the heigh La being found by ineaBuremenlia of their 
long sharp shadows, nearly 100 miles long. 

Lunar emtsra, which aroaueh a prominent feature, in lunar tandtcapoB, are of all sire* from a hundred and fifty 
milsfl in diameter downwards, Craters often have one or more uonioal peak* within the crater walls, ol whioh 
Tycho and CittMtuM are line example*; the largest with a fairly level bottom, and often no neutral peak, and with 
lower bounding walla than the craters proper, are called uW/>*/ pfa-faj, of which Plato it the best example The 
interior at the craters are neually lower than the surface outside, but sometimes the reverse ie the case. Frequently 
an old crater will be a*™ that has bean broken into by a later one. 

Lunar rill m am deep, winding, narrow valleys, rutembliitg the bed of a dried up stream. Lunar cfe/1s appear lUto 
track* on the smoother port ion n of the surface. It ia difficult to radii* that theso hairllke markings are sometime* 
fifty or a hundred miles long and up to 2} miles in width. The greater number of cleft* are to be sotm only in pretty 
powerful telescope*. Fault* ant closed cracks in the moon's surface, and are numerous.. They are visible owing to 
the surface on one side of them being higher than that on the other. 

Lunar ray* are the bright streaks which radiate from some of the principal orator*. Unlike other lunar feature*, 
they are boat aeon about th* time of fall moon. The finest system of rays radiate* from the great crater TfycAo, in 
the BOU thorn latuu lumiiplktltL The itrsmgcat foitnra of these rays li that they are everywhere an the Bnrno level * r - 
the rest □( the surface, and traverse unbroken both orator walla, valleys, and sea*. No fully satisfactory explanation 
of their nature has yet been given. 

Position Anglo of the Moon's Axis-—ThiBitwayi sonic 25* on each aide of the hour-circle every month, the ax 
trace* being when her E.A. i* about 0 bra. and 12 hm, i f-., when arming the celestial equator; it ia about cere when 
her R.A. is 6 bra. and IS bra, The amount is given in the 1 Moon'* Physical Ephemeris * in the tfavtianl Almanac, 

Objects D0EU the Limb- Those near the N\ lunar pole are beat situated for observation when the Moon fsu 
its greatest south latitude (about 6'), and tow vena for the S. pole ; those near the veil limb, when the Moon's actual 
longitude U E. of (i.*., yrexftw than), and these near the e**t limb when it is W, of (*,#,, lew than) the mean longitude. 
The datoa when any object near the limb will be nearest tbe centre, and thus moat favourably situated fior observation, 
can be ascertained from the Maulieol Almanac, by finding the time# when the favourable libration ia latitudc(p. 33) 
Is about 6\ and that in longitude about 7': the Moon, however, may be below the horizon, or the phase unsuitable. 
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Effects of LI brat [on. At eiot r«mmtiji phin, though the puitiooi and lengths of the shadows r.hrmBs]T» have 
Opt changed greatly (lunar ^nnoul’ changes being small, owing to the small inclination. of the lunar equator to the 
Ecliptic, i J'), the Muon's. latitude end longitude, Ac,* have mitered. Lib ration Jim cumn into play, mod wc view the object 
mnd iti shadow from * < 3 afferent position than formerly, ilia torlitjijii amounting il ita maximum to over 2 Q* t through 
the combined affect of the displacement in latitude mod longitude. Except mt rare intervale, therefore, we do not re- 
ohierve objects under anything tike theuma conditions, When viewing the Moon, it should also be remembered that 
it ii an)j near the centre of the disc that we nee object* in their true form and dimensions, ai each object is more and 


more foreshortened the further it ii away from the centre, and, on the tirol^ it seen only in profile. 

The librarian on any evening can ha found from the JfaiUi&d Ahnaneu in ths ‘Moon's Physical Eplitmerii,' 
oabtums Earth'a 1 SalenograpW Lat. and Long.' Whan the li oration in longitude it -+, the mean centre of the disc ii 
diflplaoed t® the E_, i.a, the Mare CrEsium is furthaai from the limb. When the librarian ia -, the mean centre is 
displaced to the W_, and the Mare Cririum approaches the limb, Similarly, whan the libration in latitude is +, the 
mean centre is displaced to the S,, t.s,, Plato ia furthest from the limb, and vies «r«, for — „ 

Best Altitude Conditions.— For any given ago of the Moon, there U a certain date in the year about which 
more favourable altitude condition* obtain than at any other time, though it ia modified to some extent by the Moon's 
changes in latitude. This ii due to the fact that the Moon's average path coincides with the EcLiptic, so that on 
any given day, her altitude above an observer's horiren at culmination, will, on tbs average, be exactly the same as that 
of the Sun at noon on the date when he has similar It. A The following Table indicates approximately the most 
favourable dates for observing the principal pbmes : ( 8 . Hemisphere, transpose April, Oct i and July, Jon.}:— 


N r Hemisphere;— I Moon 3-4 days old, 
Jf<Ml y&tHiVfititfo End Of April 
Least if I „ October 


First Quarter. 
Vernal Equinox I 
Autumnal ,, 


FuIL 

Winter Solstice 
Summer „ 


Last Quarter. | 
Autumnal Equinox | 
Vernal „ 


30-26 day* 
End of j b]j 
„ January 


The Position of thft Ter initiator on the Moon's equator, corresponding to various ages, can be approximately 
Moarteined by menus of the scale Wow the Msp of tbs Moon on p. 3L It can be obtained more exactly from the 
Physical Ephemerls,' ‘Sun's co-longitude * column, in the Nautical AhnantH (in conjunction with > lunar 
chart Laving stenographic latitude and longitude lines), by using the following m3*:— 

•a 1 * ft-buji'liwh frvnn— hnlw */ rfraiauhr. 

O’ to y0% the flgurea in the Table ijlve the Urtuinatar's longitude E. of the centra] meridian (Sun tiling). 

'SO' to 190', subtract lb* Sun's cn-longiL from l£0': iumcci — , f H „ W. „ M „ f^iUi sotting). 

ieo‘to a70\ subtract 160* from tbs Sun's MjoBgifc. tt — „ „ „ E, w „ „ {Sun setting), 

370" to 300*. subtract tbs Sun's ao-IwgU. from 360*. ,, — rt „ „ W. rt n „ {Sun rising). 


Repetition of same Phase of illumination, near the same hoar, may be expected in about 2 and ] 5 lunations, on 
the average, but there are variations—corresponding with the lengths of different imnations, which vary to and fro 
between 29 j and 291 days. The mean lunation ii just over 29 J days, henna, on the average, in the second lunation 
similar phase falls in daylight; in the third, it is ]£ hours later in the evening thou the Bret, and soon. ] mean 
lunation —29* 12® H m ; 2 lunations, &9 4 1 j 11 ; and 16 lunations, 4i2 J 23* Tbs mean interval from perigee to perigee, 
or mean anomaliatie pariod. U 37dMHS£ day*, and doe a not recur at the same phase till after 1 + lunation* (about l m l$ jm), 
or about 1} mouths later iu the following year, so that ‘most favourable 1 condition! gradually disappear for a period. 

Lunar NonianeJatuce. Lunar objects are generally referred to the ^uodranf, or quarter of the disc, in which 
they are found, numbered I to IY f m on the map. The principal formation* have name* of their own : other abject* in 
the neighbourhood lake those inxirfe or on a crater), out separately named, are denoted by the nearest crater name with 
a Jfoman letter added, for crater* or depression*, or a Greek letter, for peaks or elevations—capitals denoting 'measured' 
points. Thus ‘ Aristotelfts B‘ is quit* different from 1 Aristetelee,' being a small crater ioms 50 miles if. of the latter. 
Greek letters are also used for rills, in oonjunction with the crater name* 

Earthshtne, popularly known a& 1 the Old Moon iu the New Moon's srms , 1 is due to rays of light reflected from 
the Earth on the Moon's dark disc. It la stronger in the morning with Old Moon than in the evening with New Moon, 
and its variations are worth systematic study, re an index to the reflective power of the Earth's disc, which is lit up 
by the Bun. A§ the albedo of clouds is very high (p. viii), unusual brightness of Earthshina probably indicates that the 
■un-lUmnlnated hemisphere of the Earth is much cloudier than usual, and wier wrw when Earthshine ia faint. Eartlmhiue 
is beat seen 3 to 3 days after New Mona in the spring, or before New Moon in the autumn, especially if the Moon ia near 
perigee at the time, iu brightness then being greatest. Earth shine is also k nown u 1 fumiirr ccncfrefe,' or 1 Athy light, 1 
A very narrow ring of silvar-white light, quite distinct from Earthshine, end encircling- the whole lunar disc, is 
iHMiasiotially visible for short periods when th* Moon is within £ Or 3 days of Now, 
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Lunnp Cr&ters are classified by Netettn u followa, bnt the sUa&ea merge gradually into one another., and near the border 
Lino cither nanm may bo ttwsi 


Walled Plains, £w in Indei), dlam. 40-ISO milea (55-240 km.), like Plata. Usually surrounded by a complex extern of 
ffeJltJ Hoot U«UAlty oat much Iqwdt than outride, Olid comparatively level ; central mountain oJtCU fttwiiL Mtwftly 
in S, hemisphere, 

Riiig: Mountains {iw in Index), diom. Li-50 hlUbs (34-1 IS km,), like Rfl-mer, Walla low and broken, probably mined 

walk'd plain* 

ftin^ E^Jaina (r in Indra), diam SO-flO miiM (32-97 km.), like Voptmi&it r comprise tie majority of the larger lunar cratere 
More circular and regular than walled plains; single principal wall, generally; outer slope email, interior steep wvd nenally 
terraced. Floor nearly always tntich lower than outside, and comparatively love!.. The deejnwt lunar formation is 
rim £3,000 foot [7000 mo tree) shore the floor. In TFapyrnti'n, the floor is practically level with the top of the wall. 

Crater P l a ins , chain. 10-20 miles. £lfl.32 krn.Jl Brighter* and with gentler outride slopes, than craters proper. 

Craters proper [<r in Index), diam, &-I6 miles (&-£4 kin.), like Rs.uti, Circular ; outer dope steeper, but the interior falls 
mom gradually than in orator plaice. Floor small, with 1 volcanic’ conn \ very bright near Full 

Craterleis. diiin. Bailies {9 km.) downward. Cratsm in miniature! merely a convenient pub-division, indicatiog very 
small craters. 


Crater Pits, or 1 Fits,’ diatn. as craterlets, but up to 11 miles (IS km.). Very shallow depressions, Olltaldo slop# hardly 
perceptible Zkpreuibju difler from crater pita, in having no Stgu of walls whatever, and may bfl many mils* or 
kilometer* serosa. 

Crater Coota. {Steep cunloftl peaks, diameter j-3 miles (1-fi km,), with narrow contra! opening, which is very difficult 
to sool They appear on mountain ridges, and on crater walls and floors, aod are very bright near Full For fuller 
details, bbb the reference books, given on page £ 8 . 


Lunar 1 Seas , 1 Valleys, The Sinus, bidum, with i^tti bordering clifTs, risiug 3 d peaks over 13,000 foot high, is one 
of tbs finest objects on tbo Moon ; it if beat »wn when the Moon is ft or B days old 

Of lb® valley*, die Croat AI pine Vriley is tbs most notable. Most cUflt or Hit*, and fault*, are not risible in small 
Instillment*, but the Cleft of Hygintia, and that of Ariadsme just W. of it* can be Men in a two-inch telescope. The ‘Straight 
Wall,' 60 mile* long and eoo foot high, is a little E. of Thebit Pice i» * solitary peak on the Mare ImbriuHL 

The Brightness of diflorent ports of the Moan in an interesting study; it is valued in ' degrees, ’ rsaging from I* the 
darkest—found in Grimaldi and BJcdoli—up to 1D‘ ? found in Aristarchus, the brightest object in the Moon \ Prod us k B", 
0 ‘ is block shallow. The floor of Plato undergoes curious changes in brightness os the Son's attitude iaereadci. 

The varying colour* of the Boas may also be studied, The pre Failing tint of the Maria is grey, more or leas dork, Mare 
Crioium being the darkest (1^-3'), with a tinge of green. The brightest of the grey plains is Locus Somnibrum ( 3 J‘- 4 ‘) ; 
Pains Samuil, equally bright, is of a yellow-brown shade. The Mare Berenitatis, the centre of Mare Humorum, and f.mrt of 
the Sinus Iridam, have a dark greenish colour, and the Mare Orialnm a lighter green \ the Mare Frigori* Is a yellowteh-gMMn. 

C&ntresof Principal Bay Systems. Aristarchus, Arletillue, Byrgioa A* Copernicus* Euler, Eejdnr, Huaior, Proclua, 
Umochorio, end Tycbov Eudidee sad Landoberg A are surrounded by a 1 nimbus , 4 or bright patch. 

The Mean Centre of the Moon, or intersection of lunar meridian a* with the lunar equator, can always be readily found, 
as It is approximately the point equidistant from iho three erateTW, Herechd, SahrttU, and Triubnckisr. The lunar equator 
Ls very nearly the line drawn through RbaticnH and Landeberg i lunar longitude 0\ a line drawn through the centre of Walter 
and this K aids 0 -F Aristillua But see note at foot of Map of tbo Moon OS to curved lines. 

IndeK Map or the Moon. The diamotere, given in milns, am approximate, aa authorities pomedmes dtffisr, owing to 
irregular shape, Ac. The letters Bo, 3b* Ap., indicate the square in which the object will be found, r, v, t, etc., see abovei 


Agrippa fr) Be 27 1 
Albategnsua (») Bb 70 
Alpotreglus [v) Cb 27 
AJpboneu* («f) Ob "0 
Anasltnandur Cd Sfl 
Apollonius Ac 30 
Axcbimedes {r) Co 60 
Ariadmus (n) Be & 
Aristarchus (c) !>C S& 
ArinUilna (r) Bd 3+ 
Ariitctelca (r) 

Araachol [tr) 

Atlas (r) 

Autiiiycas [r) 


Bd Sfr 
Cb (55 
Bd f.5 
Bd 25 


BaiBy (w) Cal 55 
Bwfifl] (c) Bo 13 
Btrt [r) Cb 9 

Blancanus (w) Ca 60 
BuUisldus fr) Cb 38 
Burg (r) Bd 28 
Byrgiik, A A {*-} Ub 40 


Capollu [0 Ab 30 

Capuanus (r) Cn 34 

CoLaini (r) Bd Kl 

Oatharina (is) Bb 70 


Wms. 

Claviua tw) Cal &0 1 
CloomedM (w) Ac flO 
Copemicua [r) Oft 5C 
Criiger M T>h 30 
Oymhts (w) Eb 6s 
Detainhrq (r) Bb 33 
Ds m* (w) Cc 18 
Enoke fr) Dc SO 
Endymioc (w) Bd 78 
Erat(«E±i«mH l {r) Ce 38 
Euctidsa [a) Cb 7 
RudcwMfl (r) Bd 45 
Euler lr) Ce 19 
Fftbrclui (r) Bs 55 
Flikmsteed (r) Db 9 
Frflcafltnriufl (rj Ab 60 

Fnmnriua fw) As SO 

Cambnrt [r) Co 18 
Gaiwndi (w) Db 55 
Gausefir) Ad 110 
Godin {o) Uo S3 

Crimoldi (w) Dbl47 

IlaiciEnt (is) Ca 55 

Helicon (r) Cd 13 


Hell (r) Cal'S® 

Hemalea fr) Ed IS 
Hurachd (<?) Cb @6 
ITeve] fir) Da 71 
Hippalus {r) Ch 38 
Hl[>narebu3 fr) Bb 9S 
Hyginus ft Cleft (c)Bc 4 

Kepler [r) Do SS 

Lambert fr) Cc 16 
Landsbcirg (r) Cb Sfl 
IjingmiUB |») Ah 85 
]<etrennt (r) Db M3 
Limtcnau fir) Ba 35 
Linndf fs) Be S 

L^geniiffi.tana*i;w]’Cs 0O 

Macrebiua (is) Ac 42 
Magma? fv) CalflO 
Mai ran (r) Dd £5 
ManiHtis fr) Bd 25 
Marius fr) Dc 27 
Mafikftlyue (r) Be 19 
Maiimlycija fw) Ba 75 
MenKnlus fr) Db 41 
Mcnaala (is) Ad 69 


ftm 

ileaKLor (c) Ab l * 
Morotus r») Ca 7a 
Mating A A fr) Ob 15 
Newton fr) Ckt43 
Otto Struve fir) Ik 150 

Parry fr) CH S5 
Feteviiia(w) AbiOO 
rhilulaufl Cd 4(1 
Pls^ri (w) Da 80 
Ploard fr) Ac SI 
Piccclomini (r) Bb 5? 
Pica Cd *„ 

Fitatns fw) Cb 6B 
Plate fr) Cd 60 
Plinltm fr) Tie 3t! 
Faaidcraius (v) Bd 63 
FnK'luB Ad 18 

Ptclemurn* [w) Cb 115 

Purbich fir) Cb 70 

ttemer(r) Dc 31 
Rcinhuld fr) Cc 31 
rUurLscuv fr) Be £6 

Btgcicili (w) DblOfl 

Bbutet (mr) Ac 30 


Bsfltbech f r ) Ab 46* 
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in mmg ttin or uf utbor Map of uin jdws, it mmt be re Dicta Lip mi that :■— 

(«!■ Object! wry nn*j- uhu hcib in the Map loa.v bo cutup] 

Crlihia and fJrimahli for mitibcts, atm 
The lunarend parallel* of latiiude, which a™ itraJgbt «n the Map, art ouSy Been ihiu when the iibraiiun la Latitude b QT t 
Lt ri wlirn the lunar uu ia in the pod tit* of mean Ubntfam ; at mhar time* ihe» lilt!- are m wdlipwe of greater or lew cum 
turv r curved iuuthwaj-da when tb* lifcratian in latitude it ■+, and curved northward! when the Miration in latitude ii —. 

(ej t Similar!jf the meridian of lunar longitude 0* Im calf R Ren u t straight line vtua the li bn Lion ll longitude la O’ ; at other tlmei 
it alih la alliptioal, odd Tea W, or E. anewding an the Mddq'i Llbj-atino ia - or + * 

(d). The cneau centre of the dim: h only wen in the •centre when the l!tuition in longitude and latitude are each O'. At nthm 
*™ ** taw* ho displaced up to T it' in iougUud* and d" *4' in latitude, or aa the combined remit 10' The Mcnmb' 
libralion in longituda ia iT about perigee and apigM, and her UbrAti™ in Latitude about Q r when eh# u crueaiug the Ecliptic. 
When the Mftnn a lihratdon in Luugi Lude ia —, the region erpoaetf to view ia ea the El. limb, A Mare Criaium ia neater the limbi than mean pnltintL 
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THE PLANETS. 

The NauUmtl Almanac i.N-A. ajai.3 The American Ephemerts (A-E."', give mudi neofuJ planutmy tiljHerviiig inforiuAtio*. 
Umittr 1 Phutiutootui 1 or* the ilaiiu ut ugpcvitioa, ocmjiuKftiiKL In HJl with the Sun and Moms, ebugAtSan* of Mercery and Venus, 
&c. i there are OccultfttlQH Tables, with IfLtimdc-lim-la of observability t mad thntc teen at itrtaJo etRiJotta ; also Sunrbe, Snnret, 
J!noorfas, Jltxmset, Alitt Twilight Table*, for latEtuiies 0* to GO. 1 bo 1 fbyhicul EjiLflnuris 1 Tiii.KI.nn jffve the j^eittfrhil.i 
of the Otis, planetary meridian on the twjitre of thcdhw, mogbiUlil&i, vcirdiguriiLiou and eclipMMi of the Nltdlitoft, Ace 

Mars and Jupiter. The ajignUr JUiKmnt of phjow, i always an tlm W. aiettt from deqjunctltfe to exposition, and cn E. eide Injtn 
opjXMtUOU until conjunction) U given Lv column r; - the linear (-Mira}} fraction of the disn lUumiriALed, by cclunti k. 
C(j 3Limn giv«n the iquiuitw nf dcgJMjes the plowst, 1 * S. pe]e ( + }, or S, |Khlo(-), in turned inward* the Earth ; tmui,mum 
^Rlxiut 2&V for 31am ; 4 1 for Jupitar: fill' for Ratem ; hot largely mdlifted by fui-cHhortoning, 0* = both pohsw on limb. 
Jupiter'* Satellite*, < lonfignration: O at the aide indlcat™ ‘In transit 1 ; • 1 la «%uliat jon nr *cl I psc.’ Llml^iiia digram* ihow 
th# pcwlLion uf oftkili witollite during dm month by a * (change alight, ei^ptncar DpfKMitfoo), of tbs point* where the 
rataEHtm disappear in, or emerge from the aUdowt; c [or rf) is the phut of disappearance; f(u r r), that of rcappoanmcc. 
Saturn's Rings, Onluitth it Saturn teeti trie latitude of the Earth) give* the angular ‘aprmiftsa J of tlio ring*, 0‘ when iuvisih]*, 
about 2B 1 hilly open. Ceil Limn JC in the Sun 1 * rk-vatioJi above the ring-plane; the rings OK inmUiln when B or 3'■=&*-. 
mid alwi wlwn It {Earth f is + >, North.', unJ JT (Sun) IS — (SuUth), or f'lbc ttorita, Position angle nf uxih. is eafite as column P. 
Hour of fLA. m the mHriifian at mean midnight (Sidereal Tima), for each clay; from this, that at other Laura can be iWnd. 
Rising Or Setting of Planets, From the A.d. titiiOOf meridian JMVSB 0 .gr, subtract (or odd) the BCmi-dittrtmt Jim late p. ilvjL 
Astronomcol Terms ; The Calendar. Hio Htinlcntuhiiuld road the wry interesting articlo on these Bubjecta in the Appendis 
60 the British A'J.p which nlso L'cnlauia, lor the advanced, an rlabcrate jernnj of fortaulur uaod in the Almanac. 
Heliocentric Jcngitudwand latitude*, and radius Vectom, giving crbitid poaitiou* and duriantx-?i with referenoa to the Sun, 
given n[inu*Lly in the AwnBnt Sp/uimcri*. Tlffl BritUli M.i publiahe* them for twenty vwrs in fedvan«a, IU] T-lO tn A 1 
101&-17 (Marvur/annually, till i&38): 1041-CO, nlrm lbflfj. 1940, in special tola, EHrth'fl hdicccnirie longitude, nee p. 4, 
General Notes.—The Mqjor Planets, bo wiled to diittinguish them from tha Asteroith or Minor PCantU, none 
of which exceeds a few hundred miies in diameter, are Merrury, Yeaus, Earth, Mars, Jupiter, Baturn, Uranua, 
Neptune, Pluto. The Jim four, and PJuLo, are wmetEme* dialinguiiihed s« dm Tertfstrifll iBcneU, us siiwa aw 

cotnpiimblti vrstb that of the Earth, the other* os the Giant Ptorvrto, They are always near the Kctiptic except Fl«to, 
witiiin tbc Zodiac (p. 3), and am readily dustingmBlqcd from fixed ptare, a* they do not iwinkle unlea 9 low down ; their 
spectra are ibose of reUected sniilighE., with band.ii due to toethane in all tlir giaut plmifrit, and amwonv* in dupiter 
and Batura (p, 35). Their constanUy-changing positions are easiljfound by tlir R. A. and Declination given in aJmamwa. 

Utdike the Moon, which §ouths about 3S to GS minute* (mi-jvn, AO^) liter each day, ib« Svf *rwr Pl*n*i* (Mara, the 
Asttreida, Jupiter, and thow beyond) houlL earlier, on the average, each nlglit + appearing to move nearer the Sun daily 
when E. of Ivini, but. further away when W+ of him, and being font in his rays fpr some weeks annually---Mara, 
and thr asteroids in general, for months, biennially, having long nynuriic pericidH (nee below). 

The Superior planeta are best sewn when In oppwition, southing nbooE midnight ; ilic /n ftrior Ftawt* (Meranry 
Yenna), about the tiiiiei of grea^t elongation. Opposition or greatest elongation tuay occur at any time of the year 
but the nearer they happen bo one dat.g in a certain month (Superior planets, that o-u which the fforfh’p heliocentric 
longitude is about the same as that of thr planets ptsrr hnlicm) the larger and brighter is the planet ’ manyyrara, hnw- 
ever, elapse before the moat favourable condition* recur. For Magnitude variation, see pp. 17 and 41, 

The Seine System (seta akw p. vih).— r t be figure* Endow are meetly (or, hosed on) thnwe of the Aintr&ritt Ej.>h"sr\rrti Y to which 
refer (or to the voiirly B.A.A* Hmdhk.) Ibr v;niiLtcr procUion. The larger cT two diAEiieters is tho etjmitcrial, the smaller thu polar, 
Sun.* Diameter, SUB,37D miles, 1,3^700 km.; Moon. ilflS miles, 9840 km- Density: (water )Son, t--4I ; Moon 3-34. 
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The Paths oTthe Planets on the star Sphere. A,h scCll ffulU the Bun, these (their heliocentric pafcba) rurr. tar urdinArr 
purpoaua, unotymgiug, and each iotereects that of the Zutli rehw mina u tbo Ecliptic) at two practically fowl pointa, the nodes. 
The beliocBotrin paths are also apprOxiinataly the average paths of the Superior planets, as HM from the KnrUl hoc bfiW). 

Planet* attain thsirgre^tost behooentrici latitude when about J>0* Jorgit, from the node*, and remain longest (li-ijjjtheciii *s the 
#cc«ucricity i 4a that aide of the Ecliptic b which aphelion lie* than in the ether, partly Iwauisc the node-aphcllon-nodr distance 
la greater (slightly, unless eccentricity ia great), partly because the mean motion is slower. If the n udo-perihulLea angle i>; In 
ffwalpt than about lflff*, Aphelion id In the N.celestiol hemisphere [Mars, Jupiter,Saturn,Neptune); if lm r in the Souliusrof Mercury, 
Votiua, Oncnu, Pluto) 3 in the former,, the altitude at iavoumblo oppositions is brat for South am. In the Latter for N orthem ofcwervera 
Ai wen from Eke Earth, the fitfjtww pbutett reach a latitude above or below the Ecliptic at lust equal tn the inclination ot 
their orbita, olid each Mlovrn the heliocentric path more and more nearly tbs Lew it* imraJ Ifti—i the remoter the planet id from 
the Sun ; thud their geocentric paths Are c«n fined U> * VCTr narrow atrip Oil the *tof Sphere—Mure exempted I see below), 

Mwmtrjf ami reniu, which circle the star sphere with the Sun, have tbo Ecliptic for their average path (approx,}, and attain fi* 
and S', respectively, from it if max. holiocautric Latitude occurs with Earth about beliocent, lengtti 315* (Jfere,), US# 1 , 340* ( IVuitl) 
Tbo Earth'd orarebangiug position in her orbit, may, as seen from her centra, dk^dnu tins Superior plana ti from their holier 
centric positions (a) E. or W r by an amount about equal to tbe Earth 1 * uaiaW paiallw (p. 14) m ereti from the planet(4) N, 
or S. by a small amount — greatest about perihelion opposition, iimijJleet about conjunction—except for near-by Mare, which at 
opposition may be nauia 3* to h* N. or & of the heliocentric path; JupitcTe maximum in about 1*. And aa the Earth'd mean daily 
orbital motion of 1* exceed* those of Mara and the asteroids by J‘ or more, and those of the other Superior planets by well-nigh 1* 
(taeTeble, p. 32}, when Earth and planet arson thesams aide of tiie Sun and in the dams line, at opposition, the Earth outrun* the 
planet, causing it apparently to retrograde on the star sphere—before and after apposition, also, fur some time. The combined 
motions of the Earth and a planet make the latter’s path on llm star sphere, aa aeon from the Earth, a looped or ijgug cm 

MhrCliry 5« always BO close to the 3un that, even when moat favourably situated, he ii only observable for about 
two heart (naked eye, ^ hr,) after sunset or before sunrise, and that al a very Low altitude, especially in higher 
latitude*, Hu very eccentric orbit causa* his greatest elongation (G.E.) from the Earn to vary from 18* to US* —the 
latter one being at aphelion, when be ia S. of the Celestial Equator, and beet seen by Southern observers. In temperate 
latitudcj be ia moat favourably placed near the Equinoxes, as an evening star in spring, dome day* before G.E.—one 
in April being best, Or as a morning alar in autumn, some days after G,E, (in the S, hemisphere, Oct. and April). 

Mercury has phases like the Moon, and is mag. - 1*8 when in perihelion near superior conjunction (but very near 
the Sun); at G.2L, the average is only 4- 02. Sidereal period 88 days, synodic, about 116 dya (Rotation, sec below}, 
VenUSt the brightest of the planets, eometimea seen in broad daylight, may even cast a shadow ■ her faint mark’ 
ing* (very doubtful if permanent features) are difficult to observe owing to Lock of contrast, but her phase* can be 
studied in a small telescope or good opera glaas;. examine in daylight—which diminishes the glare—or soon after 
sunset or before sunrise. Her (greatest brilliancy is during the crescent stage—as an evening star about a month 
after, or as a morning star greatest elongation, which at tnurimum is 47", (G.E. never occurs at nearest to Earth), 

The maximum magnitude (- 4 r 4) occurs about every 8 years, when Venus ia in perihelion near the end of December, 
and SL of the Celestial equator as a morning a tar, therefore more favourably situated, for Southern observer* ; she Li 
then twelve times brighter than Siriu*; she is slightly fainter whoa in perihelion about the middle of March as an 
evening star, when Northern observers see her much higher above the horizon. Her apparent motion ia so slow—the 
synodic period being about a year and seven months (&&+ days)—that ahe remains visible or invimhlc for several 
months, unlike Mercury, which rapidly disappears in the Sun's rays. Sidereal period, 324 7day*,; relation, see below, 
A taint lumlfl^l&f,, lia# Eiribibloi dd tbs Moon, eecsAiousUj reported u nalbli on the dark sida is buw altrlbutad to oeular tuuaw. 
Recurrence of Gr eatest ElongaitOA—For Mercury, tbe mcmt favourable elcngaEion occurs about every sU years j for 
Tonus about every S yeara. Tbs intervals between greatest E, and W, elongation are very unequal 

GroaUau iv to greatest W. elongation, inferior conjunction bdtwoen :—Mercury about 44 days Yccus ]44 days. 
ii W. „ & „ superinr „ „ „ « tt *4*> „ 

Mars w of little interest in a small telescope except in or near opposition—when his angular diameter is 13' r to 
this occurs every 7fK? days on the average—-nearly two years and two months, the lougeat (major) planetary synodic 
period ; the sidereal period is CSV days. Favourable oppositions come every 15 or 17 years, the best about Aug. 36th 
(from 1934, very favourable), when Mare exceeds Jupiter In brightness, attain Lug mag. - £ 8 , but as his disc 14 even 
then only hull the diameter, tittle detail is seen in small telescopes. The mean and minimum opposition magnitudes 
vary between -2-25 and - H), whiloin conjunction with the Sun he is only 2 nd magnitude. Except near opposition, 
Mars Is more or leas 'gibbons'—if., not fully, but more than half-illumined—greatest when be is in quadrature (90* 
longitude, nr 6 lira. B,A_ from the Son)) only Q H 34 of the disc is then illumined. Mars has two tiny satellites. 

On Mars 1 ruddy dim, dark greyish^grson markings—once thought to be sea«, but now supposed to be mariheij or 
vegetation areas—can be and ons or other of the bright, white polar spots (probably mow-capa, perhaps partly 
boor frost) Ls a striking feature ■ occasionally both caps am visible. The finer ao-culled * canals 7 —aa unfortunate trana- 
iation of KchiftpiirrlM's cfcna/T. ‘channidn/net necessarily nrtificial—are in visible in small telescopes, and though 90 me ieem 
to result from real markings, the tendency is to regard them as partly due to ocular causes. Rotation period, 24b, 37'4m. 


Rotation Periods of Mercury and Venus- —J/urrury's rotation period is believed to be 8S days, the same sa his tddcTCal 
one, so that he always koaps tha same face to the dun. That of FbmU has now Ljesn determined by msana of radio oheen-atrofifi 
to bo £i hra 17 minute*. 
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Jupiter is * Ena object lor small telescope*, with hfn elliptical dine, darker it the edges than in the centre, and 
'parade] belt' marking* ; when in quadrature (p. fi) the limb is very a tightly shaded* owing to * plume. 1 The rotation 
period is 9b. flO'Sm. near the equator (hjymum I,* NM)< and Ilk 55 7na. in the temperate toned (System IL), 

Fur reference the disc is diTitlud into the N. and B. Pulnr Rtgwfti ; the Equatorial^ Tropical, end TVmptttSU Zen#*, rjvi*M)d 
by noven darker ' belt!'—Tit, the narrow Equatorial Band ; the Equatorial (A". and S„), and TtmveraU (jV_, M, S., SB.) Bolt*. 

Thn Gmat Red Spot, wen in 1357, first prominent in 1&7S, wu an oval about 15" by 3' r (50,000 by 7000 mite*), and 
it* rotation period baa varied by several seconda Bright red till 1361* by 1092 it had faded to a pale orange, and 
baa since shown little odour* In 1919-20; remarkable and rapid change* occurred in thi* region* the Spot disappearing 
and re-appearing again. It has gen ere Sly been seen in a * hollow r or "hay' in the S, ride of the S, Equatorial Belt, 
and a dark marking, the S. Tropical UMJwr&flrvs, periodically overtake* the Spat and accelerate* It* motion* 

Jupiter's synodic period being about 309 days, in auccoNsive years oppositions take places month later In the 
season, the matt favourable being every 12 years, in ScpL-Octuber ; his magnitude is then - 2 5, compared with about 
- 2 3 at mean opposition. Minimum mag., wtion in conjunction with the Sun, about - 1 -2. Sidereal period, 11 '80 yn, 
Jupiter’S Satellites or Moons-—Seven of these are seen only in great telescopes or on photographs* The other 
four (about mag. 6, and numbered from the planet I, H T III* IT) are visible in an opera glass ; they arc all eclipsed hy 
Jupiter 1 * j^adW- (not instantaneously), I to HI once every revolution. Sometimes a satellite J transits' or passes 
•cross the planet's disc, appearing* a* it enters or leaves the disc, as a bright spot on a dark background (the limb or 
edge of the planet being darker than the centre}* while later it may disappear, if the background la similar in bright¬ 
ness and colour; it may also show os a dark spot* The shadow also transits the dine as a dark spot, which is apt to 
be taken for the satellite iteeEf; sometimes both satellite and shadow am seen transiting at the flame time. 

Ott-uttn£wnf r when tho satellites pass behind the body of the planet,, are frequent* but of little interest, though, 
when Jupiter is in or near quadrature, the satellite may disappear, or re-uppear, slightly away fro™ the apparent 
limb owing to the 'phase*—which is on the west aide before* and on the coat side after, oppoaiLieu, 

Sit urn ii also a fine object for small telescope*, The disc is even more elliptical than that of Jupiter—seen 
fully only when the Earth is in the plane of the rings—but is only slightly darker at the edges than in the centre. 
Faint parallel-belt markings may be discerned* aud occasionally bright or dark spate, but hi* special feature is the 
wonderful Ring system, divided in two by a dark line-like marking known, on Cojfimj Diviricw; It is just visible in 
a 2J-inah refrogtor whan the rings are fully open. The projecting enda of the rings am called the dru&; the one facing 
in the direction of the planet's motion* in the field nf view, in the 1 preceding f ansa, the ether the "fallowing 1 one, 
Tho principal rings are designated A (the outermost) and B which ia brighter ; A Is divided by a narrow dark 
line known as J?ndfos*t Dioi*ion 1 not ea^ly stem A third ring €, the dusky Crop*, Crtpe, or Cuius Ring, nearest 
the planet* requires at least a 4-iuoh telescope. The ring* are not solid as was once supposed, bat- myriads of tiny bodies 
revolving round the planetj the actual thickness of the ring* is not yet known; estimates vary from 10 to 50 miles, 
Sufi*™ Ringlettr —Twice in the course of Saturn's 20|-yw sidereal period, at intervals of 13§ and 1D| years (from 
1936), the rings present their edge (a) to the Sun, (6) to the Earth* or (e) turn choir ttnBJuau&ed side towards the 
Earth, and become invisible In ordinary teletccpes^-cveii in the largest telescopes, when edgeways to the Earth—for 
a day or two; Saturn is then in heliocentric longitude 172‘ or 352*, in the constellations Leo Of Aquarius-FtBeoa 
About B-7 years later, when he is in the constellation* Taurus or Sagittarius (long. 32’ aud 26 2*) the ring* are fully 
open, and he ii at his brightest (see p. IT). The moat favourable conditions for brightness aud openness are when 
datum a in opposition at the times of perihelion (longitude 91’), and greatest openness, which, for the same longitude, 
only oeeura every 29-30 years (from ,1943). The Earth is in longitude £2* and 91\ about Dae. 15 and 24* with Saturn 
T, of the Ecliptic, and in 262’ about June 14, when he is S* of it: oppositions about these dates will therefore be 
favourable, but those in the observer's summer will be at low altitudes, As Saturn’s synodic period is 373 days, 
oppositions rocur only a fortnight later in the season each year, giving for some yearn a succession of the best brightneft* 
conditions. At the time of ring-invisibility, the Earth may pass (or almost pass) through the ring-plane thrice in the 
course of a year* the central one being near longitude 172’ or 352‘, the others months before or after (see Table p.viii). 

Saturn's magnitude varies with the apparent width of the rings; mesn opposition about"f th§3, mam -0’4; ring- 
leas, from 0-65 to 0 37. Bis rotation period varies with the latitude, averaging about 10| boars, 11 creche! I. gives H 
os 10h* lfim,; Hall (1676) 10L 14m. 24a, for lit, 10‘; Denning (1903) IGh, 37m. 66a* Sidereal period, 29-46 yeans. 

Saturn has nine satellites; a very small telescope shows Titan* the brightest (mag. 6-3); a 3-incb, or even less, 
Rhea (mag. 10-0); a 4r-inch t Tethys, Ditme* and lapetas (mags. ID'6, 10 7* 10 9* respectively); the others are mag. I2-16 r 
Uranus and Neptune are of Little interest to the ordinary observer, being so distant that their small discs are 
visible only in telescopes over 4 inches* their satellites in large ones. Uranus, being mag, 3* is visible to the naked 
eye; Neptune, mag. 7, in an opera glass, Their maximum and minimum brightness differ only by about 0 5 and § 2 
magnitude, respectively: their angular diameters also vary very little. Uranus has five satellite*, Neptune two, 

Pluto, discovered 1930, haa a very roteotrjc and highly-inclined orbit (17')i at perihelion (in 1969) he come* 
nearer the Sun than Neptune. Bis magnitude (seems variable* hy 0 2-0 4 mag.) ranges from about I2f to I5J, His 
diameter and moss, as determined by Prof, Brouwer of Tale from perturbations of Neptune, is about equal bo that of 
Venus. H I a PUiMti worth UtitucU Hi'. 
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Planets X, 0, P, &C. Ultru-Noplnmiu l plunclF, JiUgjjefrlud by planetary |ierturliatiouE U:d Cunjelury miiilIykiu. 
Pluto ruprcHunt* Lowell’s 1 Planet X’ (1915, mas* much Jcsb); for i|h? other*, s-cc //.A., vul 61, %cil, 40, 1932, 
The Asteroids, or Minor Planets, being very wimtte, arc nit mYjriblt to the naked rye, ixwpt 1 V*r« (t j-ffl*. 
mag. 6|); Lhe turgcbl CW*f, if. 480 mile* in dialjicter t but the grtfil majority arc well Under FiU mill*. Tin } occupy 
the position where h Lucie* Law * (p. viii) itud irate* a planet on phi to niht, and nmj po*ribJy be the its Pint tl one. 
Unlike the Major planetn (except Pluto), their orbit* vary greatly in inclination to ih« Ecliptic und iu ccemtrinity 
Hidalgo having jin orbit-inel [nation of 43’, and an eccentricity of 0-66 (exceeded by that of Jdwi, sue below). 
Now asteroid* may -receive ij&rue*, but are only numbered (symbol ined thuu, 0 , roughly in the order nf diiwniy) when ft 
BUtiftfimtoty orbit lift# been obtained : for the temporary iwmuncLature, mju [i. in. Over 3 &tK> uatmiida tic now listed. 
Arc* (433), diameter about 15 mile*, and perhaps d-abuped, or irregularly toloured, utils light tirien, rotate on its 
axis in hours. It* orbit in » euc-e citric tiint when uoaragt Lho EarLh it is about half the least distance of Venus, or 
14 million miles; it is then! about mug. 7 ( but is naialty beyond the roach of small telescope*, ttn mean opposition mag¬ 
nitude being mug. 10. The nearness uf Eros make* it of groat importance for accurate on-ahun Hi cut of the fcuu’* distance. 

Amor (Dtlparte Plo.nrt j&U$ £A}, not mere than Smiles in diameter, approach** within about 10 million mi lea 
of the Earth—4 million miles nnnfer than Eros docs. It may be in opposition twice in a year. Period about years. 

Apollo HA)* a Hoiimiuth planet, about a mile in diameter, nitty transit the Sun, us it* orbit comes aligbtly 

within that of Venus, At times it may romo within 3 million mile* of the Earth. Its period is about 1^ yean. 

Ado nit £7d,). 11 HCcoud Delpurte planet, in 1036 wa* only 1*38 million mile* from us. The eccentricity 

(0=76) of its orbit is such that it come* close to the orbit of Mercury and travel* out »s far a* that of Mars. It Lb 
probably under half a mile in diameter. Period about 2 Gi years. Inclination of orbit, 1 *2(T. It was favourably 
placed for observation in June 1943, but (march for it was unsucctissfuL 

Hermw, diNcuverL>d by Reinniuth in 1937, approached nearer the Earth than any other brown planetary body 
L’xmpt th« Moon, coming within 485,000 miles of us, 

The TVu/ftw (or Jupittrr) Group of astefoid*, named after Imroe* in the Trojan w ar, in noteworthy for it* mi tubers 
revolving in stability equidistant (approx.) from the Hun nuel Jupiter, ihoogh their orbit mure vt-jy mar that of the latter. 

Planetary Radlation,*“7 n A« Iimolalian of a planet 1* the total radiation It receives from ibe Sun ; uf ihi& the 
planet fsj reflects much solar radiation of short wave-length, in., the ultra-violet, visible, aod sbortest infra-red w*ve- 
longtha up tossy l'4fi ( = Al 4,000); and (b) absorbs the rest, then re mriiutes it as PfnnttaryMediation of lung wn\i- 
lengLh, i,e,, invisible low*tM»pftratuj» heat-rays, which may include the planet's own radiation, if any : thu* (bj is the 
measured total radiation less the amount of (a). A 1cm, water cell placed, in the l^am of the planet's radiation 
trarismitu (a) hut absorbs (A), thua enabling the amount of the latter to be measured. A* an atmosphere acts a* a 
blanket, tin.*' planetary radiation of atmosphere! es* planets will be high ; that of tbu« with atmoophtre# will tend 
to tn« am*!!, leflsetung the drmsnr sjadl cloudier the atmosphere. Quart* and fluorite air reus, whkh tinntnsit longer 
wave-length p than the of the water-cell (to 4‘lp niiJ I'l/i respeotiroly) arc also ufi(d in those investigations, 

Jupiter and Saturn emit 6 per cent of planetary rndiation ■ Mar* hts about 50%, indicating u thin atmosphere; 
Venim, about 8^ on the bright side. The Moon and Mercury give 74%, suggesting similar physical [atmotpheprie**) 
condition. Tbe Moons local radiation at first or last qimrleF is proportional to the diatmc* from the illuminated 
limb, and is 7 fro at the terminator. The difft-renrt in the radiation from the li^ht and dark lunar arem is alipht 
Planetary Temperatures.—Tbe surfaco-iemperaturc of the Moon varies greatly throughout the luTiar day* 
under the vertical Sun it in 10UC. (SH'E^wliiJe during the tong night it sink* in lest than - 1 f'O’C. { — 238"P,). Attn ury 
ander the vertical Sun ia about 685‘E. (4l3 I C.,774'F., uliuvi? the melting point of lead), at perihelion, and 
(262’Cl,, 540’F.), at aphelion : his dark ride must, be very cold, practically no hrut being meatuiabie. Frntlifi* r* little 
on the bright and dark niiies, Imr tpni|wraiui>H Leitig atauut -TS’C, ( -9 T.m wo evidently only see the upper buiIbc r of 
a ctoucUaycr in the ieinthermal region, Afar*, under the vertical Sun, i* 2PC. (70*F.) at pcribelinn, hut only - fi a C3 
(Sl*F,) at- aphelion, when the UemjKiratutt? at tbe polr« is about — TQ’C, [ — 94’F,). Jo'pifcr and tbc other giotit pjiiicia 
ar» evidently cloud-covered like ^ ^ e^ul^, but their temperature* ore naturalJy Inwer, Jupiter being about - 130*0, 
(-■■S05FF.); Saturn* though much further from the Son, nome ^ ISO*-! BC*C. f—lft4 , -2S& 1 F t )* thus tmtoingly emitting 
soma heat of his own ; CVwiv# and AT^miic, Eome - 190 S C, ( - 310'F.) and - 220’C. ( - 364'F,) respeetively. 

Planetary Atmospheres,— Tbe Asteroids, tbe Moon, and even Mercury (probably, the temperature brirp high)* 
Having mooses too small to overcome the ^velocity of escape’ (p. 24), are utmoppherdee*. If Mercury has nn Jilintitphere 
aa faint tmnaictit marking* (pcrliap* dust from volcanoes) #uggm r it is so lenouR that the solar spectrum ii unafleeted. 
E*uiu ha#carbonic acid sja* in her atmo*phore, but acemiugly no oxygen nr wat^r vapour in the cbBurvablorcgionJ. 
J/rtrif.—The denrity of hi* atmoaplifiroat ground surface in CBtiiualed a* not exceeding that of the Earth at a height 
of 11 mtlr*, but it is probably munh less ; clouds fonu in it and disappear, mud both oxygen and water vupetit air be¬ 
lieved to be premuir, aod were rr ported ar having been observed in 1924, but later o tuner vat Iona failed to eon film ibcm, 
Thr Ginnf Flmirt* atfruxupbereu, so far a* they are penetrable, are probably largely con posed of hydrr-grn. and all 
contain the not easily condensed methane (ntnr*h-gas, CII 4 ), the quantity Incmunug the further the planet is from the 
Sun’s warming radiation. Jupiter, with the highest temperature, and ta uJcsiser extant Saturn, also contain ammonia. 

* 3« Limit Ob# Bulletin, Nq, BS, IPSE, 
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PlanetAfy Surfaces-—Only thecloudy upper regions of the Giant planets and of Venus are risible,, but the actual 
surfaces of the Moon, Marcnry, nntl Mare, are seen. The polarimeter curves of the three latter are strikingly similar 
to those of vulcanic mib and pumice. From their albedos at dlffere-tit phases, the surfaces of Mercury and the atmosphere' 
less Moon seem to be r«ry aim Liar, ui might be expected, and nre rather rough; that of Mam seems to be fairly smooth. 

Meteors Or Shooting Stars ere of all degrees of brightness, from the faintest, lasting an instant, to the lalitie or 
brilliant JirthriU, luting aBYsril sucouda : those that reach the Earth are called aerolite#. Meteors may appear in auy 
part of the sky, hat there are certain well-marked point* on the star sphere from which showers of meteors come every 
year aL regular dates., when tb* Earth return* to the same part of it* orbit* These shower* are named from the con- 
it* Untie a in which lien their Radiant Point or Jtw&Omt —bo called because the me Lear* of the shower appear to 
radiate in all direction* from that point in the sky. Many hundreds of radiants are known ; the Table on p. 43 gives 
a few of the principal shower* that may be looked for, and the approximate position of their RndianL*. Those inter¬ 
ested will find a long list in Webb's 'Celestial Object*. 1 In colour, the average meteor i* more or lota white, and is 
estimated to weigh not more than a single grain, from brightnew and velocity consideration*. 

The meteor* for any particular radiant mostly exhibit the Bam* general charactenattcn year after year. There 
am, however,, considerable differences hatwHn various showers. In some, the meteor* move very swiftly, in others, 
they move comparatively slowly ; La aom*, the average meteor in faint, in ethers, a proportion of fireballs may be ex¬ 
pected, Streaks or trails are characteristic of some showers, while occasionally a bright slow-moving meteor seem* to 
travel in a wavy path. All these points should be noted in meteor observations, but in recording the appearance of a 
meteor, the unskilled should note that it is much more important to describe exactly its apparent path or track among 
the stars, from beginning to end, than it* physical appearance. The same shower may also vary considerably in point 
of numbers, being quite conspicuous one year, and hardly visible the next, or for years in succession. On the other 
hand, some showers of considerable steadiness sometime* flash into great activity at intervals, the Leonid* for instance. 

Meteor* are generally twice as frequent at &a.tu. as at 6 pm., because at the former hour we are facing tn the 
direction of the Earth's motion in it* orbit; in the tatter, to the rear. They usually appear from 50 to SO miles above 
the Earth's surface, and, on the average, disappear at 40 or 50 miles, (See Notes on observing meteors, p. 43). 

Comets vary in brightness, most of them being visible only with the aid of a telescope. A comet i* generally 
first diaremible u a minute, faint, misty patch of light, so much resembling a nebula that it is only identified u 
a comet when found to bo in motion, but sometimes even a very large comet escape* detection at first by approaching 
ns in the Hue of the sum The eraentral portion of all comets is the coma or head, the misty patch of light already 
mentioned. In addition a nudtut may develop u it approaches the ann. i.s. a bright flame-like or star-;ike sppaif- 
once within the coma, and aloe a tail, or sometimes several tail* — which always point more or leas away from the huu 1 
no matter whether the comet is approaching of receding from the sun. The tail usually appears sa a curved hollow 
cone, decreasing in brightness a# it widens out. Both nucleus and tail, when present, increase in line and brightuesu 
as the carnet nears the sun, and decrease u it recedes from the sun; enrefepet, or stratificationa of the mist round 
the nucleus, especially on the side towards the sun, may also appear m the comet approaches perihelion, Neither 
nucleu* nor tail, however, is necessarily present Several comet* are connected in urn* way with meteoric shower* 

Ftri&die oonut *—those which revolve round the sun, and thus appear at regular intervals—are known by the name 
of their discoverer (as /lutmce' Comet), or discoverer* at two different returns (a* Pont-Bronx* comet), or discoverer or 
investigator of the periodicity (a* Miyt and .facie 1 * Comet*}, Tern pel I {IS 67), Tempel II (l£74), indicate two di* 
oovcrJc* by the same observer. Bido?* comet (now lost), which divided in two, w» known a* Hid* 1 and IL 

The Zodiacal Light:—Except near the time of ilia equinoxes, this is not well seen in temperate latitudes, a* it* 
axis La the sky at other timpp is comparatively near the horixon. It appears as a faint, hazy, conical, brant, same 
IB'.30* wide at the base, which nearly follow* the conns of the Ecliptic (not the Celestial Equator) an the star sphere, 
for 90* or more from the horizon a little south (S. Hemisphere, north) of where the Sun is below the horizon ; in it* 
brightest parte, it is two or three times as luminous a* the Milky Way, but towards iU extreme limits it is aJwayx 
exceedingly faint. Its brightness seems to vary from time to time, and it is brighter when observed within the 
tropic*, than in temperate latitude*, partly owing to its being more nearly vortical to the horizon, and partly to i h* 
shorter duration of twilight. It is host Mien Feb.-Mareh (evening), Aug.-Sept, (morning) in ths N. Hemisphere; in the 
3, Hemisphere, e£e* rerja ; the inexperienced are apt to mistake the glow of twilight for it. (Sea Notes on Observing). 
In a very cleat atmosphere, the Z**tfiaral Band a narrower Extension, joins the tfrtpwnxr&nn (next pnge), thus extend¬ 
ing the Light right round the star sphere. These phenomena are all usually attributed to sunlight reflected from 
meteoric bodies,, their spectra being mainly that of sunlight, but two recent theories consider them, (*) * terrestrial 
•tail,' like that of a comet, duo to the Sun's lightepreumre; (5) an atmospheric phenomenon at an immeoEV attitude, 
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Ths 'Counterglow' or Gegramchoib ia awr^ faint round patch of light, 1Q**20‘ in diameter (i.*., larger thus 
ths 'Great Squar* of Pegasus'-a, 0, y, PsoAii and a ANDHQunsf}, or 40*-S0* according to another authority, sitttfttod 
on the Ecliptic at the point diametrically opposite to who™ the Sun i* lor the tuna being. It i* very difficult to aw, 
and cannot be distinguished if projected on the Milky Way; cho£w* a mronlfesi night of exceptional clearness. Then 
the Ecliptic is highest above the boriton, vie,, in Dumber and January. According to Barnard, it in largest, and 
brightest in September and October. (Sea a long paper by Barnard, in the Englith .IfocAomc, March 21, 1J1S). It 
also ii probably cina to sunlight re-dec ted from meteoric fcadfea 

OGOUlt&tlOIIS take place when the Moon or a planet puses in front of lome ooleatial body, ihuttting it out from 
view. The Moon frequently occulta atara; the d Luippenrance, or tmmeritim, is always on the E, aide of the Moon, the 
reappearance, or etncr.riem, on the W* aide; sometimes (but rarely) the Moon occulta a planet. When the star i« bright, 
the inatanlancoua disappearance and reappearance are almost startling; very rarely, the star antma to bang for an 
inatant on the limb, perhaps chancing on some irregularity parallel to the Moon r * motion. Duration, see next page. 

The Moon’s (star) shadow is 3160 miles in diameteron the fundamental plane (p.S) p and has nopenumbra; it a weeps 
across the Earth from W. to E., in the direction of the Earth's rotation, which makes occaStations laat longer than 
they would with a non-mtating Earth. The X.A. occultation list- gives the parallels of latitude within which they are 
seen; near these limit% the amall brearlth of the shadow {oval, in general) coniines visibility to a very limited district 
Eclipses occur when (a) the Moon p&*ue* io front of the Sun t; (ft) a satellite outers ita primary's #hatime (the body 
blots out in occulutinns), and became* invisible, though nothing ititorvonea, because the Sum no longer illumine* it 
In Solar Jhfrpau—which, strictly speaking, a™ really oeaultationa of the 3ua—the eclipse begins on the west aide 
of the Sua's disc, and the shadow sweep across the Earths surface from west to east; in Lunar Edipa**, the edjpae 
begins on the east side of the disc, and sweep over it westwards. The uunfr™, nr ahndow, is the dark shadow on that 
portion of the Earth in solar, of the Moon in lunar eclipses, which, for the time being, receives no dinsot light from 
the Hun. The umbra shades away into the bordering pcmtmbra or partial shadow, which covers those regions of the 
Earth or Moon whence the Sun would be seen partially eclipsed ; the edge between them is rarer sharply defined. 

Contact occurs, in a solar eclipse, at the instant when the dim of the Sun and Moon first appear to touch, 
£.&» when the eclipse begins : Lart Contact at the instant of the end of the eclipse. In the case of a lunar eclipse, we 
have two First Contacts-— at the instantwhenU) the penumbra, and (2) the umbra or shadow, first touch (he Moon's d be - 
and similarly two font Contacts, at the moment when (2) the shadow, and (4) the penumbra respectively leave the disc. 

The mapniJiirb, or extent, of partial and annular eclipses i* indicated by expressing the proportion of the diameter 
eclipsed as a decimal of the full diameter, at the time, of (lie Sun’s or Muon's disc ; in solar eclipses it varies according 
to the locality, but in lunar eclipses it is the same at any place from which it is visible. 

In a total lunar eclipse, the magnitude U indicated as the ratio to the Moons diameter at the time taken os 1; any 
eolipee less than I will be » partial one, while the maximum will be about T8, hut this only decora when thp Moon ia 
simultaneously in perigee and on the Ecliptic. The further the Moon is from the Ecliptic, the shorter ia the duration 
of totality, and the nearer the points of first and last contact to the lunar pole*. 

Lunar Eclipses, when total and central, may hint bj long ju 2 hours 48 minutes from first to Last contact of the 
umbra, or up to S hours including the penumhrai stage; the maximum duration of totality is 1 hour 43 minutes. 
Usually the Moon doe* not altogether disappear from view, even at mid-eclipse, but ihmea with a dull reddish-orange 
or greyish light, being illuminated by sunlight refracted by tha Earth's atmosphere: the colour and brightness depend 
on the amount of water vapour sod clouds present io the Earth's atmosphere at, the time. On rare occasions the clouds 
intercept all or nearly all the rays that would be refracted, so that the Moon becomes nearly or altogether invisible. 

Solar Eclipses, both total &ad annular, arc rarely visible from arty given place, the 'expectation' being only one 
in 360 yean, Some 3 or 4 hours elapse between first and last contact, but totality never exceeds 7 m. 40swat, and 
annularity 12| minutes: both ire usually much. leas. At the equator, both totality and oontacl^intervaJ lost about a 
quarter longer than at 1st. £D', The width of the itoiti of totality avsragri less than 100 miles, but where the Sun 
ia in the rflntth it may be about 167 miles* Partial tolar eclipsn are c! little interest, the Sun merely appearing 
notched ; the temperature may fall perceptibly, however, and about mag. -37, Mercury, Venus, and stars may appear. 

Transits Of Mercury and Venus,— Transits of FVnu# happen twice at the short interval of eight years, and 
then do not recur for over 100 years ( 105$ and 1311 alternately), fom transits, 1874, 1832; htxi transitu, 2004, 2012, 
Mtrvury transits the Sun about four times in 33 years, and at t/m mm* nod* at intervals of 7, 13, 33 ar AG years. 
The transit! always happen at the descending node in May, or at the ascending node in November. Transits take 
place in May, 1057 and 1070, and in November, 1053, If GO, 1373, 1985, and 1999, (See Note on Transit*, p, 43). 

* ftw Trwk Cbarta ia tk« A\A. f Or, is bimuiien, huh- tafiue tlw otter, 
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Duration OfOctSUltatlonS.—The Mood'* mean daily motion auitiLg the store it 13‘vl8, orCT'55 per hour, osteen 
tram the Earth 1 !! centre. The Moon's mnati angular diameter being ■0‘51S“ s for a central accuHatio-o her (star) shadow 
takes nearly an hour, on the average, to pus tlm Earths centre, and still longer a point on the Earth's surface, where 
by her rotation, «n observer is being carried in the same general direction os the shadow is travelling. At the Earth's 
equator the speed is about 1030 miles,, and at latitudes 45" and 52% 134 miles and 640 mile* per hour, respectively; the 
d unit icm of on octal tati on, therefore, shorten a with increasing latitude, hut in Ending the actual duration, tins Moon’s 
varying velocity and angular diameter, and other factors, have to he taken into account. The track of the centre of 
the shadow may take strange curves, very similar to those of the tracks of various solar eclipses given in the S'.A, 
Id the latitude of Greenwich, some central ocoulUtiona may last about 1| hour*. 

Occult at ion Period-—Owing to the westward motion of the Moon's node along the Erl iptie (about U* per 
nodical month), the Moon's monthly path among the atari is always changing, circling the star sphere back to the 
same node in 18 53 years, 0« tha therefore, each star within about 6|' of the Ecliptic has the chance of being 

occulted twice during that interval, when it is passed successively by the ascending and descending quadrants of tho 
Moon's path. These ‘passings 1 are at average intervals of years for stars on the Ecliptic itself; for other oocul table 
stars the interval between tim passings shortens oa the distance from the Ecliptic increases (with a correspondingly 
longer interval to the next pair), till, at the accultable limit, the two passings coincide. But the intervals are not 
constant, owing to the varying inclination of the Moon's orbit, the node's irregular and sometimes (os regards the mean) 
reversed motion, Ao,, *o that an accusation may be repeated during many momh*—or even acuneyears. For stare near 
iho oocul table limit, where the monthly paths are closely crowded—l?ef ore the palb finally departs from the star. 

Twilight, from ancient times, has been reckoned on ending when tin* Sun's centre is 18" below the horison, 8th 
magnitude stars then being visible in tha zenith; it baa uo definite duration, however, as meteorological conditions may 
modify it. The glow, in its later stages is a segment of a circle, brightest vertically ov&r the Son, Directly opposite, 
the indigo-blue segment of the unihuminated atmosphere rises from the east os the Sun recodes from the horizon, 
Twilight lengthens with distance from the Equator, and is shortest all over the Earth about the Equinox**, 
The total variation never exceeds half an hour below latitude 40% and in higher latitudes, some 10-30 minutes during 
autumn, spring, and winter; but above IaL 40% in summer twilight lengthens, till it loots all night above 50% Civil t 
Nautical, and Astronomical TwHit/ht (British A". A.) end when the Sun's centra is 6% 13% and IB" below the horizon—the 
first about the limit when “ordinary outdoor operations become impracticable without artificial light." Table p.xiv, 
TwlnfcHngf of Stars.—Though purely atmospheric in its origin, this phenomenon is of in terest to astronomers, ae 
it is affected by the nature of the light emitted by each star, i,*., by its spectrum. White stars (Types B and A) twinkle 
most; yellow atom (Types F to K) slightly lees, and red stars (Type M) least of all. Twinkling is least at the aeoitli, and 
in settled and calm weather; and greatest toward the horizon, and in unsettled and stormy weather: there la a 
seasonal waxing and waning from midsummer to mid. winter and vice mm. Planet* do not usually twinkle except 
when near the horison—supposed to ha doe to the fact that they have discs of an appreciable aim 

TIm Green Flash, or ’Green Ray,’ occasionally seen for & second or two before the instant of sunset or sunrise, 
is a beautiful solar phenomenon, due, like twinkling, to atmospheric causes ; it is more often visible if an opera-glass 
is used. The general conditions required are a distant, sharply-defined, and low (preferably sea) horizon j avoid look tog 
at the Sun till the last moment. God weather and absence of red tints seem to favour visibility. Sometimes it takes 
the form of a irAi4<i flash followed by a deep blue one. While the duration is usually only a second or two, It tends to 
lengthen with increase in latitude, especially if the horizon is nearly parallel to the Sun’s motion, In the Antarctic, 
it has been observed for 30 minutes. A Red Fltuth is sometimes seen as the Sun's lower edge emerges from a dark 
cloud near the horizon : it may lost minutes if the cloud's motion is nearly the same as the Sun's. 

Aurorae are believed to originate in the Sun, There is general agreement between the sun spot maximum and mini* 
mum and Lbuir greatest and least frequency, and though no definite relationship with sunspots h as yet been demonstrated 
magnetic storms and aurora frequently occur when large spot* are on or near the Sun’s central meridian: they maybe 
due to rays shot out from certain areas of the Sun's surface—not necessarily radially, or from where a sunspot is Been. 
Aurorae appear in various forms; diffuse areas, area, rays, beams, curtains, patches, Ac, (details see p.44). The 
ordinary height is same 37 to 300 kilometres. (flh-l&O miles), but altitudes of 1000 km. (620m.) have been recorded. 

Aurora? are most frequent about the time of the equinoxes—especially just after. * In Europe, some thirty may be 
seen annually on the lino Invomoas-Gslo; south of tliat line the number rapidly falls off, and south of the latitude of 
Paris, they appear only at long Intervals. In America the corresponding limit* are Quebec-Alaska, and Washington. 

The oolour of Aurorw is ordinarily faint white, silvery or delicate groan to the brighter parts ; red may appear, 
especially in the diffused type, or towards the lower edge of other types, and may para into yellow-green. The auroral 
spectrum (also that of the night sky. faintly), baa a characteristic green line—Wifi“7—duo to oxygen and nitrogen. 

Luminous phenomena, simulating auroral forma, also occur (rarely) near or even at ground level* and owing to 
undoubted theoretical di fikultiea (to oar present state nl knowledge) are usually attributed to mist or optical illusion. 
These explanations, however, da not account for the apparent absence of reports of such illusions from tha regions of 
Leaser auroral activity, where they arc equally likely to occur, nor do they .satisfy an actual witneas of a ‘lew aurora' 
*Sw 'Aurora,' Em^cLa. ttrUunnieo., 11 to ed.Li.iaa. 



VL HINTS ON OBSERVING, &c. 

Atmospheric Conditions- — To get the b«t reaulte, object! should bo viewed when they a.™ an fir iU poiithl# 
iboTc the hnrison, t.#, r when near culmination. Sat ^factory objarvaLioru cannot be made of objects at law altitudes, 
□wing to the increased intervening thickness of the atmosphere, and the Ilahi and. mist which bo often obacure the 
horiaoa, The mgbfci when the sky ii darkest* and the star# most brilliant, are not always the beat for obser vac Ions. 
Paint &nd ill-tleflnipd objects, such av some nebuln, may, however, often be ieou to advantage on such nighta 

During a ■ tight hue, the air is often very steady, and splendid views of bright objects tuay then lie obtained. 
If the stun twinkle roach, it indicate* that the air is unsteady and net altogether satisfactory for observation. 

Viewing' Faint Objects. ^The eye becomes much more sensitive to faint impression* after it hue been kept 
in the dark for a considerable time. A alight change of focus is often restful to the tired eye. 

Very faint object^ otherwise invisible, may sometime* be detected by averted vision: the eye is directed to 
another part of the field r while the attention it fixed on the *p*l where the object is supposed te be. 

Making Notts! Consulting Charts, &c>—A bull's-eye lantern with a slide to shut oH the light i s of great nse F 
A cycle Ump may be utilised by the occasional observer, A photographic red lamp is even better, as it does not affect 
the nenaitiveuflea of the eye, It may be placed on a support at Home distance from the observer, and so directed as 
tu throw a/imf light on the book or card, when notes or sketches are being mode at the telescope. A strong light 
should be avoided, as it makes tha eye less aensitiTs for observation, 

A small table to hold the maps and other bnotfA, with a lantern hsdng a shade to throw the light downwards, 
lest the direct rays of light should reach the eye, is almost a necessity; a special shelf may bn fixed up in an eut-liQum, 

All observations should bo written down at the time, when they are mode. The notes should bo clearly worded, 
and should have entered on them the year, month, day, hour, and minute of the observation, together with the aperture 
and power of the telescope, and the state of the air. In E&rthshine observations, the temperature, barometer reading, 
and direction of the wind should also bo noted^ ai meteorological conditions have some influence on the brightntss. 

Direction In an Inverting Telescopa,— In the inverted vtewof an object, a* leeu in astronomical telescopes 
(except p Gregorian*’), to observer* to the Northern Hemisphere the upper part of the field of view is south, while 
the lower part is north; east ia on tho right hand of the object, and west on Its loft side. 

To observers south of the Equator the reverse i* the coso, the upper part of the field is north, and the lower 
ftoath ; east it on the left hand of the object j west, on ita right. 

For circumpolar stars, however fu. those a Jau number of degress from the Pole than the observer), the rule docs 
not hold, ai the observer is facing the other way, and objects on opposite sides of the Pole are moving in opposite direction*. 

North Preceding', &&.—To get over these difficulties in describing how to find a celestial object in the field of 
view, the phraiei *North (or South) preceding,’ H North (or South) following,; a certain ster, are commonly used. iVeriA 
(or Smith) Indicates that the object is nearer tbs North (or South) celestial pole than the star referred to; Pmding that 
it* Right A s censi on ii far# than that of the reference slot, and faHoutiug, that its li.A. is greafev* thus indicating the 



*■**•« rWog and sslminatfiM, HeutLIhj or en'iq Initio* Bitwetu tulatafttfeD and -ettiiif. 
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ap.^S'ertb piooidUf. felLD»:ni i.p.—hLiutjj ]ir»«dtnf. t/.—Saul, r n llvwjii| jPwWmI 

direction in which to find the required object The annexed diagram indicates how the haur-eirale—which coincides 
with the line 5N in the diagram—-Lies with respect to the horizon in on inverting telescope, when in different 
positions, and how a Position angle (P..A) will in consequence occupy varying positions In the field of view. 

In the diagram, the arrow denotes the apparent path of a star with reference to the horison, os it crease* the 
field of view of a fixed inverting telescope in the N. Hemisphere. This path wiU be horizontal only when the object 
is ou the meridian, but the relative positions remain unchanged. Id the & Hemisphere, invert the whole diagram, 
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Observing* the Sun.—It iniiirfin^ v dangerous to attempt to view tbs Sun unless proper precautions n« iu,ken: 
blindness may bo the penalty of raalmejia or ignorance, A perfectly safe method is to support a. smootii, whit* card. 
At the distance of about a foot {coco the oyo-pioco, and to focus %ho icna^d of tha Sun projected on it. The screen 
should be bald in n covered framework or box, and the picture of the Son viewed through a hole in one of the aide*. 
If, on the other hand, the Sun id viewed directly through a dark-glass cap, a larger aperture than 2 inches cannot 
safety be used in the heat of summer, A stop made of a card, with a circular hole of 2 inched or lew in diameter, 
ahould befitted over the object gEma of a larger instrument, to redum the amount of light and heat tramEtniLted: this, 
however, tends to reduce the sharpness of the define Eton. A special solar eje-pibec con be obtained which, enables full 
a par tores to he used with safety. 

Observing 1 Pro ml nances, by the spectroscope. The edge of the Sena image should be made to fall on the 
uc&riyela&ed ilk of the spectroscope—^which must be one of considerable dispersive power. The telescope should then 
be driven (preferably by clockwork) so as to keep the linage in the same position. The spectroscope La next focussed 
on ons of the hydrogen lines cl the spectrum, and, on the slit being opened, the prominence will be seen. Good 
views may be obtained in this way using a 34ach telescope with a spectrc-MOpo having several prisma 

Observing 1 Sunspots—In Studying their mottaD aertn the dkc from cast to west {mb note, p 39, u to direction 
in inverting telescopes), the position angle (p, 5) of tbs Sun's axis requires to be taken into consideration, as the 
apparent path varies according to the time of the year. The spots only move to straight linos across the disc about 
June 5 and December 7, on which dates alone the solar equator is seen an a straight lino on the disc, dividing it into 
two hemispheres, with the poles exactly on the limb. At all other times, one pole alone is visible—very near the 
limb owing to foreshortening—and Che solar equator lies ou otic side or other of the apparent centre of Die diac, aud is 
curved downwards or upwards, as are also the paths of the spots : maximum curvature northwards, about March 7 ; 
southwards, about Sept. 8. Sunspots take about a fortnight to traverse the disc from limb to Umb, and will reappear 
after the same interval if they survive. Naked-eyr spot* have a diameter not lew than about 1 /60th of the disc {31 ")l 
T he variation of the position angle of the Sun's axis during the year (for the iVerfA pole) W about as follows;— 
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If ear the times of tbs greatest inclination of the axis to the hour-circle, spots just appearing on the limb in the 
high spot-latitude of 45', are T by Che inexperienced, apt tu bs taken as being near Che polos. 

The number of degrees the solar equator is below or above the centre of the disc on various dates, is given in the 
iVaurieuJ Abnunnc, column 1 Holiographic Lathudo of the Earth,' +■ indicating that the spot-path, is curved south¬ 
wards, and - that it is curved northwards. The longitude of the «pot op the surface can be found when it arrives 
half-way across the dkc, from the column L» 1 Heliographio longitude of ths centre of the disc/ 

ObserviQg tha Moon.—With B low power, and a fair-dud telescope, the glare of the Moon ia very trying to 
the eye, and a tinted glass, mounted in the same way as the dark glass of the solar eye-pincs cap, may be used. 
Reducing the aperture affects, ths sharpness of tins definition. When the Moon is in perigee, the brightness is appreciably 
greater than when she is in apogee, the ratio being nearly as 4 is to 3. Best-seen conditions of each phase, see p. 39, 
Observing 1 Lunar Eclipses.— Mid-winter eclipses have the best altitude conditions, mid-summer ones the least 
favourable, (or the reason given p. 26. First c-ontact is always on the E. side of the disc, and through the telescope the 
Earth's shadow may be seen sweeping slowly across it, but the edge La not sharply defined. It should bs noticed that 
from Gret to last,, the 'preceding 1 edge of the umbra is always uniformly convex, unlike the dark terminal:or of the 
young Moon, which, though convex at first, daily grows lees convex, till, at First Quarter, it is straight, and 
dually becomes increoaingly concave. Similarly, the 'following 1 edge of the umbra is also always convex. Phenomena 
that may be noted are th* visibility or otherwise of the rays, and of prominent craters, &n, such as Aristarchus and 
Copernicus : also the variations of colour as the eclipse progresses, on different parts of the disc. 
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Observing: the Superior Planets-—In temperate latitudes* mnifflw observation* of these planets *lway* 
graduated under unfavourable Mndition* u to altitude; in winter, the altitude condition* aw the most faYOurable. 
Thil reroit* from the planet* being el way* near the Ecliptic, s* that their highest altitude above the observer's 
horizon at culmination i* much the seme u that o! the Ecliptic the™ it ouU hi* meridian. At tnid-auinmcr, mid¬ 
night culmination 1* at it* loteit, end in raid-winter at it* highest, Thus observer* in the Northern hemispliete, out- 
aide the tropics, ere batter situated for obwving th# oppositions between October and March, than thee* in the 
Southtn? hemisphere, while ehoerverein the letter are bet ter placed for seeing oppositions between April and September. 

A curious effect of the two-year synodic period of Mare h, that for some eighteen month* or so in iDretssitin, he 
Is visible at some time or other every night, then becomes lost in twilight and daylight for same lour or nil months. 

The angular diameter, or eeminJiameter, of a planet's <Ji« on any date, will be found in almenace : thr diagram 
Indicates, on i uniform wale, the range of change*, and relative biim, of the discs, and the favou rableness, or otherwise 
of the size of the disc can easily be inferred by reference to the mean diameter, 



aatuni.Mtn.tr Hm.tr Mil 31". CfUtU, Jf*. MUr*- Mia B|f“ Siu, lfl' Kuo. *pj». IT S« JupJBir. UjaEft" Hun.!*- Mai W. 

Observing' Mercury and Vanns. ™Tbe moat favourable seanou* of the year are indicated on peg* 33. For 
Mercury, Southern observers have th# hub condition*, a* his maximum slongaticn occurs when, he is in H_ Declination. 

Observing Occultations-—Beginner# will probably be rather puzzled to know the direction in which the Moon 
will approach the star, owing to the varying position of the Moon's axis with respect to the horizon r th# direction, 
however, is approximately at ri$ht angles td the line joining the mp. or horns of the Moon. 

The MoWe mejin hourly motion being folly the »l* approach is about a quarter of the Moon'* diameter iu 
14 minutes, or the apparent diameter of Hipparchus in about 2| luinot#*, or of CojWttiea* in about 11 minutes. The 
time, however, it modified by the latitude of the observer, Ac. 

Observing 1 the ZodUc&l Light,—A* the uii of the Light approximately coincide* with the Ecliptic, the moat 
favourable conditions in temperate latitude* are when the Ecliptic is tnoat nearly vortical to the horizon soon after 
sunset, or before sunrise, which in the evening is before the Spring equinox, and in the morning After the Autumnal 
equinox, of each hemisphere. The nearest approach to vertically is always when 6 hr#, H-A. is on th# meridian (N. 
Haintephere), or 18 bra, (S. Hemisphere); at that instant, Loo, both the direction of the lowest portion of the Light, 
also the vurticaUty, are most easily found, a* tb# Ecliptic than intareecte th# horizon exactly due west and due east,* 
and it* angle with the horizon is equal to the co-latitude of the observer plus S3 JV 

The Zodiacal Light proper cannot be longer above ths horizon than *ix hours aft#r sunset, or before sunrise, a* 
it* extension from the Sun is reckoned u about 90', but of course it will only be distinguishable for a much shorter 
period, twilight preventing observation for perhaps an hour after sunset, iu the Higher temperate latitudes; and the 
haze of the horizon obicnring it* faint extremity for long before tatting. For brightness, compare with Milky Way, 

The Table below gives the approximate dates and hours whon the Ecliptic is must nearly vertical during the short 
observing season. Thsdateaat th# top ore for the N, Hemisphere ; those at th# foot (in italic) for the S. H enibiphara. 
The position of th# Jool of the Light on the horizon for three or four houre after (or before) the hour* mentioned 
is easily found, a* its movement in azimuth westwards, may be taken aa about 6* per hour, over that period; 
similarly, the decrease per hoar in ind iiiation after (or before) greatest verticoLity is, roughly, 3\ 

Fob, 6 Falx 1S Fob.SO Feh,S7 Mar. 7 Mar. 14 Mar,33 II S*jrt.lS Sept*2» Oct 7 OoUi OcLSS Oct.ao Kbv.7 

0ji.pl 6 30 8p.m. 7 30 7p.HL $40 0pju. Oatn fl'30 8am. 4 '30 4fetn. 3-30 3 a.m. 

Aug. 3 Avg.lS Aug.Sl Auy*9 JScpLG ZcptlS SryiSl A/wJI Apr.S Ayr. 15 Ayrjtf AyrM J fayS 

Observing the Milky Way.—The Milky Way circle* round the Celestial pole* once each, sidereal day, its 
central knu passing within 37* of tie N.pole, in the W of Caaeiopei*, and within 27" of th# k.polc, near a Cruets. 

In th* N. hemisphere, in the latitude of Britain and the U,S. A., H posses through or near the zenith during the hours 
when EL A, 113 bra, tu 4 bra are on the meridian; Lharoaliar it approach™ the horizon, till, when B.A. 13 hrs. i* on the 
meridian—and for some time before and alter—it bee io close along the K. horizon for moat of it# visible length that it 
is hardly observable, after which ite altitude begin* to increase again. The Caariupcia-Argo section Is risible to its 
maximum extent when ft.A. fibre, is trn the meridian, and the OassjopoLA-Soarpiaa section whan It.A. 16b. ia on the 
meridian, but the portion* near the horizon are not well wen, For favourable observing times, consult Table p, xiv. 

In the S. hemisphere, in the latitude of Cape Colony and Southern Australia, the corresponding phase* are:—over' 
head, B.A. IQhrs* to 111 hr*, on the meridian; on the horizon, R,A,lhr. on the meridian, THn Ofox-Cygnus and Crux- 
Ferwuis aectioim are visible to their maximum ox tent when B.A. 2Qhra and H, A. 4hrs„ respectively, araou the meridian. 

H * Tbs cllu pass-direction require* wfrwtdoo SW th* magnetic viuutivii; ■» Hush Q^vsnimsul Slaps. 
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Observing Y&rl&blft Stars—Thu 'variable' ia compared with neighbouring *Ur* of similar brightne** 
and of known magnitude. Two comparison BE&ns ore found, on* rather brighter than the variable, the other slightly 
fainter ; the magnitude ol the variable will be between those cf the comparison *tara, and the nearer their magnitude*, 
tiie more accurate the result, Except for rough estimates, a catalogue of magnitudes is required, or a, special star chart, 
such as theme for Novm and interesting variable! given from time to time in the British Aatron. Aaeuriatian Journal, 
or J sequences, 1 iff., list* of aULUilard stars, arranged in order of magnitude for this purpose. 

The date* of maxim* and minima are recorded by the Julian pay (J.D.)*—which begins at tteon* not midnight, 

(p.9)_and decimal* of a day, bat observations cannot always bo mule, as the date may fall when the star is near th* 

Sun, or during moonlight. The annual R.A.-A Handbook gives useful observing information, dates of maxima, 4c. 

It if important* whore possible, (a) to observe the star when at it* highest altitude j (£) that the comparison star* 
be about the same altitude, so that atmospheric absorption Iwe below) wiil equally affect their magnitudes ; (r) that 
they bo m nearly m possible similar in colour to the variable, as it is very difficult to estimate correctly the real 
relative brightoeai of two stars differing widely in colour, as, for instance, in the caw of Hetatgeusn and Ktgel. For 
a curious optical phanQmuaoti—known a* tho Fnrkinjt Jtjfict —comes into play, namely, that if red and green 
lights, appearing equally bright, are increased or decreased in the same ratio, in neither east* will they now appear of 
equal brightness; the red will iwm the brighter when the light is increased, but the green when the Sight is decreased. 

Estimating Magnitudes: Atmospheric! Absorption,—For accurate valuation of the magnitude* of bright 
variable stars, if the comparison stars are not about the same altitude, allowance must be made for the diffhrcuce, as 
atmospheric absorption diminishes- the bright-nc^s (apart from ham) by approximately the following magnitudes:— 

■ «r [ 89- 

2 J«i. | S«x 

VHP 

Comet Seeking.—In searching for comets, * ielMcope of fairly largo aperture and of shaft focal length, with an 
eye-piece of low power having a large field of view, should be useiL The observer should slowly * sweep ' (i.t, move 
the triescopo in a horizontal direction) for mkoq distance, a careful watch being kept all the time. At the end of 
the sweep the tolusaope ii tlightly raised or lowered,, and an overlapping sweep ia taken In the opposite direction, 
Thia process ia repeated continuously- Should a nebuiouidooking object be noticed, the cotnot-hutiter mu at look to 
hia catalogue of nebulas to see if the object can ha identified. If net, he should draw a careful sketch of its position 
among the neighbouring stare. Tf in the Bourse of time any movement can bo detected, and the place of the an*- 
pasted abject dees not agree with that of any known comet, it* position should be determined a* accurately a* means 
will allow, and a telegram giving particulars should be sent to Greenwich (or the corresponding) Observatory. 

Observing Transits. —There are four centacts : external contact, at ingress and egvesB, »,#.* entering or leaving 
tbe Sun’s or planet's Kmb ; and infamo/, when entering completely on or beginning to depart from, the disc. 

The Bfotk &rQp t at internal contact when Vanns (sometime* Mercury) m just touching the Sun's limb, is a 
carious drawing-out of the planet 1 * block disc to the San's limb, in abroad, band or ligature, which gives it the appear¬ 
ance of a drop of block ink hanging internally from the Sun's limb, in a few seconds the band contracts, then breaks; 
this renders the instant of internal contact uncertain. A very narrow brilliant circle of light is sometimes mjcii »ur* 
rounding Venus near first and last contacts; It is probably due to sunlight refracted by her atmosphere. 

GbS&Pvlng 1 NebuliB.—These faint objects loan least light by aimoapheric absorption when near the renith, hence 
them* allowing a preference for the Galactic plan*are most favourably situated when the Milky Way ia nearly overhead, 
but those .showing a priduroticn for the Galactic pale*, when the Milky Way lies near the horizon. Suitable times for 
observation can b& found by the DOtQS Oil p, 11, along with the Table of Sidereal Time on p HV, 

Observing 1 Earthshlne, —The degree af visibility of the outlines of the Maria, end of Ariatorchua, Copernit™, 
and other prominent craters, affords a good index of the state of the atmosphere The thermometer and barometer read¬ 
ings, and direction of the wind should be noted, as meteorological conditions have some iti licence tin the brightuesn. 

Observing’ Nov®.—The following changes generally occur in tha spectra and colour; there may he considerable 
variation* from the normal, some stages missing, and individual peculiarities. I. A.U. Notation (1922, 11)28) below. 


1. Continuous spectrum : »*, ... White 

St Hydrogen linns double: bright 4 dark Eiab*: „ 
3, binre widen : continuous spectrum fades. 

<■ Nebula line* appear: . Yellow 


6. Star now a planetary nebula, 
9. NebulaliiHtB fade: spectrum 
new faintly eo&tiuucUB, 
bright "Wolf-Rayct bn udo. 


A. Hydrogen lire* brighten up : Jted 

6. Hydrcgem line* fade: ... Orange 

7, Nebula hnisa mere prominent 
than hydrogen cues, ... Bluish 

Qsl f aWirption ti±M» and bright hand*(faint), Qb i stronger alisorp Linos (mainly flohancoi metallic, many double)and bright 
Widx Qc i absorption msthlliff lilies cf V, t ¥, lie, enhanced metallic lines predominating, fljd ; s* but gaaeoua linsu predum’ 
Ida ting. Qu; broad acbulous einiMiuu hands noar xa3460,461 A, ifUu Qx; bright bands (anhaurod 0, -V, //*); absorption lines fain t- 
Qj r ; aa Qi, bright uebular bands. bright rutbalur ami weak WoLf-Hayftt l tan da. Qz-05: u Qr, Wo If-Rayet bands strong. 
Gombmatinn spectra iuiLnatad by combining the small ktuiniij placing the most promineat first. 


Basietiinea J.A.D. —Julian Aitroonaind D^r. 
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Observing M&teors.—fhowera from radiants within or near tfe* circle of the * alwajs-«en ' star* of any locality 
tr« abaocvnble ell eight, more or ten, bat tha observing intorvil *hort«n» m the tlbitfcDM from tint eird* incPfiM*^ 
iinitlj for tlie niort remote^ iboold the cuSiu! nation-floor bo inAii y hours after midnight). the shower is obacrvs.bla 

from that Latitude except for * few hours before sunrise. Thus the Noverobof Leonid ihower is only a morning one 
as the radiant culminates about £&.iu. t and only riee* about midnight. Soma meteors from a radiant just below 
the horiaon. may be visible, however. The possible obs&nring-hoara can be found. from the star Table on f*g* 

The following are the important point* to noisi—Date \ Greenwich Jl?w Time (O.M. T,, TT.T.) of ij*p(sui#wj 
R,A. and Dec. of beginning and end of Sight, and duration in seconds \ colour and stellar magnitude, *t*ticg ccmparison 
star; path, if straight or wavy; streak or train, if any t and the colour, duration, direction and speed of drift; 
any other notes. A sfranJfe is the faint, phosphorescent narrow baud, sometimes coloured, vrhiEh endures for a 
time along the path of soma meteors t a (min, a spark-Like and usually quickly-disappearing appondagft. The B.A. 
should be stated in degree* {■« convention Table below), and the observation communicated to the Director, Meteor 
Section of the British Astronomical Association, London, or to the American Meteor Society, I’ambritigif, Masa 
For counting seconds, the well-known photographic rule * Guo, two, three, gni ; on«, two, three, two \ Ac.', P r0 “ 
nounced rapidly bat distinctly, gives very near results. 

List'of Important Showers,—The Radiant position may change a degree or two on successive daya, and a 
look-out should he kept before and after the dates given, as leap year adjustments cause small variations. For 
a Radiant on every night of the year, see B.A,A. Handbook, 1933 ; and lint of 1Q0& radiants, Utem. JlrA 8- t «L 53. 
The odLuma bwix] 'Cub' (Iv^ l!lb Ttkdiiin* i|4ir[>xunst4 hour sf rtiluiinstlMi an tbs central date, denoSiiig a,™.,; 'p p>a. 
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« TBS CAKE AND USE OP TEE TELESCOPE. 

Observing" Auroras (sae also p. &8),— The** infavourable latitude* ihould watch during the more active portion 
of tho sunspot period, or whflu there is considerable ho) it if Activity, especially near tbs equicoxea. 

Ara And Bands stretch across the sky, Mad tatty haVB ttiaiideiahla pc:raLstence; the latter appear lit* portion! 
of Area. Any ,1 or streamers sf-em to flicker, anti are mors or lew radial to the band or ara; Beam* are tong bright 
Jays, of tiquisite gn»n or red, like anarch-lights, Curtains hare onrious convolqtiona, and are mure or Jess jmrailet 
to thn horicon, the lower edge Wing moat eon sinuous. Fateh** Are isolated ora] or globular areas resembling faint bat 
quite transparent clouds; Juror ce are large areas, often coloured, with no definite outline. Conmm t rare, bnt 

exceedingly fine, are large atarihh-Bhoped ovale, with dark centra, from which bright narrow flickering bands may ex¬ 
tend to the horiton. The Dark Stffmmi is the gloomy portion of the iky beneath the arch or streamer*, in which the 
stars may be hardly or not at all visible. Various types may be Been daring a display. 

In N. temperate latitudes, the centre of disturbance is in a northerly direction.—not nsusesarily La the direction 
of the magnetic polo, as is often supposed ; a patch, are, or corona may be overhead, or even south of ik Rays often 
appear to flash or flicker, and in arcs and bands a flickering from aids to side it lotnetimes seen—not always in the same 
direction—and portions may suddenly brighten up and baoams centres from which the disturbances appear to travel. 

The chief points to notice are tha type, colour, brightness as compared with the Milky Way, height of lower edge 
above the horizon, and width; direction of the centre of the disturbance (allow for ' magnetic variation 1 of the compass), 
and times of the various phases. Also note the barometer and thennometor readings, and direction and force of the wind. 

The angular breadth and length of persistent ares, band*, and patches, should be carefully gauged by reference 
to the distance between neighbouring atari; also tho angular distance, from well-known stars, of the upper and lower 
edge#. The notes should bo repeated, at interval!, the times bolng carefully noted, as tho height and distance of the 
aurora might bo calculated from siuiu.ltAmyous observation#- (seed notes to the B.A.A., Aurora* Section, London). 


VII. THE CARE AND USE OF THE TELESCOPE. 

Astronomical Telescopes *re of two kinds—refracting and reflecting. Both varieties are rsted according to tbsir 
1 aperture, 1 as the *W- diameter of the largo ten# m refracting telescopes, or of the mirror in reflecting telescopes, is cal lad. 

The Larger the aperture, the more powerful the telescope in ^light-gathering' power, *'.s„ in rendering visible faint 
objects; and, as this power (theoretically) increases in proporttan to ifrc square of the diameter, a telescope of 3 inches 
aperture is twice as powerful as one of 2 inches, while a 4-ini: h hu nearly twice the power of a 3-inch, or four times 
that uf a 2-inch {actual ratios, 4, 8, 16), In refractor*, however, the theoretical power falls oIf rapidly with increasing 
diameter, the ever-thickening object-glass absorbing more and more light, though reflectors und&r IQ in*. ara not quite 
so powerful as refractors of equal sire. For astronomical purpose#, a 3™inch taleseop*! is about the smallest that can bo 
Used with satisfaction, though pleasing view* of many objects may be obtained with smaller telescopes of good quality. 
Dio**, (0*xrapartur*) 1 in. l|in. 3iu. 2^ lu. Sin. 3) in. 4in. 4|m, 5 in. 6in. Bin. 10in. 12ha. 

CfoiBft itar divided (approx.) 4-fiq" at>r S 3r 1-&1" l‘52“ I BIT 1‘UT l -or Q^l" O’TC' 0'6r 0 38“ 

FavV9*tH<it utawi ( „ ) msg.8-0 0-fi 10"A ll-O II‘4 117 1SU IS 3 I1B 128 13* 140 H r 4 

THE REFRACTOR consist* of two convex lenses— (l) a large one of considerable focal length, known 

m the ofifari which forms at its locmi an image of the distant star or ath&r object, and {ii) a small lens of much 

shorter focal length : thia is called th* eys-piMw, and U used to magnify the image formed by the object glam. 

The Object Glass is the most important part of the refractor, as it# excellence depends on die accuracy of the 
curves of the lenses, the highness of their polish, and their transparency. In all astronomical telescopes worthy of 
the name, the abject glass is ‘achromatic 1 ; that is to lay, it is composed of two {sometimes three) lenses of equal size, 
but made of glasses of different density. These are so proportioned u to form an image almost free from the false 
colours which are inevitably present when a bright object is viewed through an object glass consisting oF a single Ion*. 
A good object glaBe requires to be treated with the most scrupulous care. Follow carefully the notes on p. 40, 

THE REFLECTOR.—In this form of telescope a large, concave, parabolic-curved mirror takes the plate of the 
object Ellas* of the refractor. The large mirror is held in a cell at the lower end qr the large tube. The ray a of light 
from the object pass dawn the tube and arc refled ted back. The reflected, convergent rays are intercepted— 

(]) In tt ic * Newton ism' form of telescope, either by a small, elliptical, plane mirror {'flat 1 ), or by a right-angled 
totally-reflecting prism, which reflects them at right angle* through tha aide of the telescope to Use eye-piere. 
(3) In the 1 Cassegrain inn f form, by a small convex mirror, which reflects them back again, through a halo In tho 
centre of the Largs mirror to the eyepiece; nr (3) in tho ‘Gregorian 1 form, by a small concave mirror. 

The Newtonian and Caaaegramiau forms, like rrfrituLora, give an inverted image; tho Gregorian, an avert image. 
Tha Oossegroiiiian form gives a greater focal length and larger image than Newtonians of the soma aperture and length, 
but its field of view is smaller and the image fainter. Great telescopes are sometimes designed to use both forms. 

Mirror* are usually made or glass, on which a Aim of ttflvftf is deposited chemically ; thia in very easily tai-mahcd (p.4&h and 
vaporised sJuminium is now often used, which Is about as efficient aa fresh silver, lusts yoars with little deterioration, and reflects 
tha ultra-Violet ray* and blue end of the spectrum better—of great Oil vantage photographically—hot the red and infra-red rava 
lots efficiently. Bmiulista steel mirr.?ns last well, but only give &fi% efficiency, compared with the So% average of frash silver. 

An unsLlvureii glass mirror and 'flat 1 —which lfdu>M tho sunlight and heal reflected by some 80%—enable solar observations 
to bo mods with Jkirly large apertures, giving improved dnfiniUen f a dork glass or sulaf eyepiece, however, u still uec«sary. 




THE CARE AND USE OF TIFE TELESCOPE 


it 


Eye-pieces—The#© are weed to magnify the image formed by the object^ loss or the large mirror. For very high 
powers, and m special oases, a single tens is sometimes used to minimis# loss of light, hut generally an eyepiece 
■confliatn of two louaee—a Fidd lc jup, furthest from the eye ; and an Ey« fmr, nearest th# eye. These are mounted in 
a short tobe which screws or, preferably, slips into the focussing-tub# of the telescope. 

Positive and Negative Eye-pieces.—Ey&-pi#c#a am of twa types:— (a) Foritivc, in which the image-plan# is 
outside the #ya-pi&ee—between it and the objeot-glusg or mirror—so that it can be need with a micrometer. (b) NtifOtim, 
which cannot he employed with a micrometer, rw the insane-plane lies inside the #ye*piece. 

Inverted fmag’e^.—All aatronoraica! eye-piece* show the object inverted (unless used with Gregorione), but this 
is of no disadvantage in practice. To mat# the object appear right way up requires additional Eeneen, or prisms, which 
absorb light, making the image fainter with no compensating ga] n. Am on g many varieties cf #y#-pifr&pA are t he:— 

Huy genian oje-piec# (nagativak—The meet common farm, two ptano-eonmi Ionian having their fiat surfaces towards the 
eye, Nate that, though negative, fine woo*-wires can he tunerLed on its diaphragm, at the focus of the eye Scjj*, for um in 
a * finder " (p. 45J, or for "guttling H in celestial photography—using cement, or threading ttiMUgh small holes. 

Ramulrn eye- piece (positive).—Two plano-convex lenees with their plane r#ora OUT ward, Field of view "flatter* frh ** 1 that 
of the Hnygwiian, i*., not no blurred round the edges whan thu centra is sharply focused. Performs well on pranata 
Tolies Solid Ocular (negative) is practically a Huygeoian Bye-piece made out of a aingle glaw eylirtdor, th# fori of its 
curved ends falling inaide it, Transmits more light than tb# HuygCItian, and gives very good definition whan wall mada, 
Orthoscopic eye-pie«s (positiTB.) contain* a triple Arid kns and a simple #y# ions. It yields a flat fletd free from dUtortiom, 
and is specially rowuumetidcd for medium ami high powers. ( l Orthoecopic' mean* giving a correct imago,) 

Kellner ays-piec# (puaitivft}. A ccm vex or plano-ccmrai field lens with a much smaller uVcr-ooiTBcted pkncHxinrex achro¬ 
matic eye lens. Field vary large, celmirleea. and 'ortlwsttipic': lew powers are suitable for comets and ucatteradi objects, 
M oft acentric eye-piece (posi tiv#).—A triple cemented Lons, particularly reroiuTneudwl for the critical study of lunar and 
planetary detail, aa it gives exquisite definition, and freedom from 1 ghosts': ite small field is its weak point. 

Barlow Lens,—A concave or concave-m*niN5c« ten* of aWut 8 inches negative focal length, mounted in a short tube—made 
# eliding fit — inside the eye-plrao draw-tube^ anil placed between the objective and ByS-pince, 4Or & inn. front ths eyc-piecs. 
It increftaeifl considerably the fowl length of the otycct-glui or mirror, giving an image of double the hiz#, tuure or less, 
according to its distance from the eye-piuoQ. This valuable device, at the cost, of a slight loss of light, and t tendency to form 
♦gboetii, 1 giT«j a flatter field Mid on increase of the powers of alt eye-pieca* used, thus doubling the set at small expense. 
The magnifying - power of a Lalesoop# depends entirely upon the ratio of the focal length (/ r ) of the object- 
glass to that of the nyu-piece (/,), tho formula being/! ; thus, with an object-gUsa of 30 inches focal length, and 
an oyo-piewe having a focal length, of 4 inch, the magnifying power will ha 72 diameters, nr u power 72 ” as it is termed. 
Note that, as the power la increased; (a) the image gets fainter, and the area included less; (4) stars pass more quickly 
across the field - and (c) the atmospheric disturbances are alee magnified, as well as any vibrations of the stand or ground. 
It is advisable t® have at least three eye-pi sees of different power r— 

(l). On* of low power with a large "fidd, 41 (that is, showing a cun^ulerah]# area of the oky), for viewing comets, large and 
scattered clusters, aud extended ucbuLm, magnifying 6 or ID time* per inch of aperture. Thus, on a 3 in. telEsonpe 
the power may be from 23 io 30, or for a 4 - i nch, S3 to 40. For a rerag# eyre, aperture x 4 gives forast useful power, 
(i). On# Of moderate power, magnifying £3 of 30 times to each inch of aperture = 7&-1Q0 for* 3-inch, I00-1£0 form 4-incb, 
(8). Oua Of high power, tnaguifyiug 61) or 60 timBs to each inch of aperture —1543-180 „ „ £00^540 n „ 

When experience has been gained, the observer may sometimes ns# nyu-pieces of still higher powers^th# extreme 
limit of useful power being about 100 diameters pur inch of aperture—but, aa a rule, to advantage only on close double 
stare, when the telescope is of fin# quality, and atmospheric conditions most favourable. Such nights am very rare. 

To find Focai Lengths,—(**} Objeci-glfuu or Mirror, Remove the eye-piece and stretch apiece of send- transparent 
paper over the end of the draw-tub#, Point the telescope at th# Moon, and focus ber image on the paper screen ; th# 
measured distance between the back of ibo object-glass and the screen—in Newtonians, between th# centres of th# 


surfaces of th# iarga mirror and flat, anti Ih&nee to th# screen—is, for practical purposes, the focal length required, 

(4) Ifuygcniftn — Divide ewiice the product of th# focal lengths of the two lenses by the sum of their 

local length*; the quotient is the focal length of an equivalent single Iona. 4 ' 

To find the Power Of an, Eye-piece-— Moke a scale with plainly-marked equal divisiona. Set this up at a 
flounidcratjle distance away, and, holding both eyes open, view the seal# through the telescope with ou# eye and 
directly with th# other. The number of divisions on th# Male, covered by til# magnified image of one of them, is 
aqual to th# magnifying power of ike eyo-piec# ttred. For low powers, a distant brick wall wilt serve as a seal#. 

Another method.—Focus th# telescope on a ttar. Next morning, without altering th* focus, point the telescope 
to ths bright sky. When the ©ye is placed about 10 inches behind the eyepiece, there will b# seen a urn oil, dearly- 
defined dtse of light, ICwurs the diameter of tills disc by means of a Berthon Dynamometer (sue jj. 47) placed 
against the eye-piece—a pocket lena, of low power* should be used a# an aid In doing this. The magnifying- power of 
th# eye-piece ia found by dividing the clear diameter of the object glosi by tho measured dlamaterof the bright image. 

To find the Diameter of the Field of an eyepiece, observe how bug a star situated near th# equate? (for 
instance, £ GrionEs, or y Virginia) takes to pass centrally acrom th# fl#ld from on# aid# t® the other, Thi* time, #xprexa#d 
in minutes auJ soconda, when multiplied by 15, will give th# diameter of th# field to minute* and seconds of are, 

* Wh«n Ibe di*tan» a[#rt of Uiu laawi *i Is *qiul t« half tb# aarn of tbskr fmal b-o^ia tbn ftc*.. f 

W. F- A- ELLUoa pu-lni* out that so this diituwo Is not sJjwajt kept U>. tlu mnnt fonnula for nL! auintjiiatloiis u :_} ?7+/ f -"a. 



TBS CARE AND CRB Of TEE TELESCOPE 

TESTS- 

Th.fi actual performance of a telescope on a oolusfctol object u the only really satisfactory tost. Soan through & 
toleacopa bearing its highest power, * fixed star of the second magnitude should »pp*« u a mtouta, well-defined, 
ffiKralw disc of light, almost a point, and nnmnded by <mc or two thin, ronoontric, bright ring* There should be 
no falftti ray* of light, wad the re*t of the field should be uniformly dark. The telescope should (tot, however. be ooa- 
damned too hastily, m an inferior eye-piece, or the stato of the air (*m p. 39), may be respotuublo for apparent defects 
in the object glass. A close double star with very unequal compoxten ts forms a moat Msve.ro teat, A telescope of the 
finest quality should separate a double. rottriating of two 6th magnitude atom, whose distance from centre to centre in 
aotnodi of are is equal to 4 56 divided by the aperture expriaiaed in inches. (see Table p. 44). 


ACCESSORIES- 

StATlis.—Much depends upon the rigidity of the telescope iiaud and goad observation* must not be expected 
from the open window of an ordinary room, as the vibration of the floor, and the mixed currents of air, set the 
object being viewed dancing. For emali telescopes, the ordinary, alt-aaimutb, tripod 
garden stand is most convenient. An Iron pipe of about 4 inches diameter,, partly 
sunk in the ground, and rammed full of day to deaden vibration, forms a good support 
for a telescope of moderate risa. 

The Equatorial Stand is of enormous advantage, but is rather expensive. It baa 
one of the pivuta, or axes, which carries the telescope, directed towards the celestial pole, 
(being adjustable for latitude). The result lb that a star may be followed by a single 
circular movement of the telescope, instead of the instrument having to be moved both 
in altitude and azimuth. A make-shift is to screw to the stand top a wooden block cot 
off at an angle, as shown in the illustration (A) ( and which ha* a V-groove, with side* at 
an angle of flQ\ cut along the iucliiuod face, for receiving the pillar. The claw legs of the 
stand, folded up, will act a* a counterpoise, and two or throe screw clamps will keep the 
pillar firm. A piece of hard wood (not shown In the tlhutrmtkx)), alec Y-grocvod, should 
be interposed between the point of the screw* and the pillar, to prevent damage when 
tightening up t-he screws, A mine what simpler construction is to hinge this upper block 
at oao side to the lower block, and pass the screw* through both blocks at the other 
side, aa shown La the illustration at (B), 

of the sloping top, from the vertical, most be the latitude of the observer subtracted from SO'. Thai, 
for latitude *2' it will be 50* -M* «8fi\ 

Finder.—A Under k ■ small taloacopo fixed by supports to the body of the larger instrument. When high 
powers are imed, this adjunct is a necessity, and in all eases it add* much to the comfort of observing. The finder 
may be roughly adjusted by day on a distant weathercock or aoiue other definite object. To improve the adjustment, 
bring the polar star into the centre of the field of a low power a y e-piece on the large telescope» then alter the direc¬ 
tion of the finder, by means of the adjusting screws, until the star image is to the centre of the field of the telescope, 
and ako bisected by the cross wires of the finder at the same moment, Now replace the low.power eye-piece by one 
of high power, and perfect the adjustments in the same way. For small telescopes up to 3-inoh, 'right*' similar to 
those on rifle* can be arranged (painted white), which will be found of acme service. 

Dew-cap—To guard again** the deposition of dew on the object glass, make a tube of tin, cardboard, or tome 
inch material, about 5 inches or 1 foot long, and of sooh a diameter as to fit closely, but not too rightly, on to the 
object glass end of the tuba. The inside of the dew-cap should be covered with black velvet, or painted with a 
mixture of Lamp-blank and tiro Black blotting paper is mho suitable. 




Star D lag cm Hi —An L-sliaped tube containing a right-angled totally reflecting prism. One end of the fitting 
■crews iiito the focussing-tube of the refractor, while the other end k screwed u> receive an ordinary eyepiece. Its naa 
prevents awkward posit tons of the body when viewing objects at high altitudes, but results in some toes of light end 
definition, A special diagonal is made fur the Sun. which only requires a light shade glass (sea note on p.49). 








HQUATQJUAL STAJTA 4 " 

Bfirthon'g Dynamometer (or measuring gauge) ia *■ little twtnmwat mod far measuring the diameters of 
Ima !l objenfca It haa two flat metal sides, the internal straight edges of which rawi towards the and, and are inclined 
to each other at a small angle, Guo of the edges is graduated from Q to ^ of an inch. The figure® on tb* Jcsle 
denote the width of the gap between the two straight 
odgee,, To measure the diameter of any small object 
by means of this little appliance, it it only necessary 
to see at wpat part of the scale the object yurt fill* 
tbs spauo between the internal edges of the gauge, 
and then takt the reading from the scale. The 
icale » divided into 20 long divisions of Ql or 1/lOOtha of an inch. Those are subdivided into ftv* parU, each equal to 
*002 or l/&00tha of an inch. The first two long divisions are again divided into parts equal to *001 or 1/1000tbs of an inu . 

Telescdpa House — A tall folding cletheihars*, with a sheet flied to it, and stayed by tout ropes, forms a fair 
substitute, which will, to some eatout, shield the telescope from vibration by the wind, and add to the observer's comfort. 








simple tools, 

.Usr rafraefc- 
d escribed. 


TO CONSTRUCT A SIMPLE EQUATORIAL OR ALT AZIMUTH STAND. 

At following the direction* and studying the diagrams given, any handy amateur, with the am 
will be uhld at a very low cost to construct an eilioiant equatorial or alt-aium at h stand for a 3'inch 
ing telajHsope. If made on a larger scale and of considerably thicker materials, the equatorial 
mounted on short, strong, filed legs, would da squally well for a reflecting telescope of moderate -ire. 

The Lag^ —Take 3 deal boards about 6 to 8$ feet long, $ inches wide, and I inch thick. Mark a point 2 inchas 
from, an edge at one end of the board and another paint 3 inches, from the same edge at the other and. Join the 
points found with a straight lino and saw along it Tins will divide bh« board into two equal flat pieces, each L inch 
thick, and tapering from 3 to *i inches in width- These two pieces are joined together at distances of i inch and 
9 inches from the narrow bottom end by If inob screw. (No. 9 « No. 10, about ^ toch diametor). The two laths 
are kept apart by blocks of hardwood out from a pises having a 3 inch square section, and held in place by screws. 
Thus the leg is formed as. shown in Pig. 1, which is on a again three times less than that of Figs. 2, 3 and 4. lhe 
laths should not be screwed together until the braes plats* mentioned later on hav* been fitted. A metal plate (p) 
sawn or filed to a blunt point, may be strewed to the aide nf the foot, with ths point projecting. 

Ttafl Top Of thft Stand —This is best made from an iron casting, for which a wooden pattern will be required, 
The pattern 1# made of finch mahogany fretwcod, cut to lb# shape shewn In Fig. 3, and strengthened by having 
a 4-inoh bevelled disc of tiis same material glued and screwed on to it, >o that the canton! part is | iooh thick. Each 
of the three projecting purls of the casting is 
either drilled with two finch bole-;, each finch 
distant from the 3-inch edge, to receive finch 
bplta, or, an an alternative, * r ineh holes may 
be drilled, and upped finch Whitworth to 
recsire metal screws. A finch hole is drilled 
through the exact centre of the disc. Instead 
of the casting, a piece of tough, hardwood, 
snob aa beech, cut to the -auM shape, but as 
least 1 finche* thick, may ha used. 

Thi Lfig Pivots-— a 12-inch length 

of finch adware brass bar into three equal pieces. 

In a lathe, turn half-an-Lnoh at each end into 
a blunted cone (C, Fig. 3), the small outer end 
bring finch in diameter. If no lathe, file the 
ends to the asms shape av carefully m possible. 

These bare are now drilled with f inch heir* to 
correspond to the holes in the top, and are than 

sere wrd or bo! ted tn tbs underside of the iron top, . . , , . 

Tha HlngfS Plates.— To the top inner side, and towards tha back of each of the laths farming the legs, is firmly 
Hriwd 4 lUt. hr.™ pinto, 4 iunhn. long, 1 inch wid. mi A->uah (1% 1. T, nod .id. Tim). The pl.t, in 
with thn to. of th. leg, which it rounded off M th» ont« top corner, »od hu in it Hour the top . "-inch hoi. "lightly 
enlnrgod. „nd cooed to lit oc.c th. ooniol pin* nt C. B i. . finch holt (S| inofan long, h.Tiog . nut, being on 
. wuiier, which nut on being «r»w«d up m.tee the bio go firm, end ndjiutsbl. for «tir. 
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The Equatorial Head (Fig. 3),—Pat tlila igma pieces at onk or itrong hardwood t Fall inch think are required. 
’Ha bare is otmalar, and had, oentraily fixed by screws in a race** is the bot tom, a plats with a jdnch Whitworth 
tapped note, to receive * screw which clamps Lhe head to the stood, This plat* might be filed is a recess on the 
upper side of the round base before the angle piece oexL referred to is fixed in position. 

Fined to the bare is the trapezoid or angle piece of i-inch wood (T), Strong glue and Jl^-inch No, 12 screws should 
be used for fining the part*. The top of thin pi roe mu,at be out off at inch a slope that the angle which it makes with the 
hare is equal to the Latitude of the place where the aland ii to be used. A piece of wood 8 in. x 3 in. a 1 in. is. screwed 
to the cop of the trapezoid piece, and the whole is strengthened by adding the aide pieces (R) which are 1 inch square. 

The Polar Axis (P) is mads of bright mild steel round rod, J-inch in diameter and. 11 j inches long. Tfcda steel 
ii easily obtainable at large tool and material stores. Tbs upper end of the polar axis (F) is driven into a rather 
■mailer hole in the block (Y) which Ls ol hardwood fi inches long by 2 inches square. Care mast be taken to make 
thia hole at right angles to the block, A Jdneh hale is drilled through block and ink, and a bolt inserted. 

Th$ Bearing's {*, x) may be simply holes (J-inch) in the hardwood blocks, with a simple split arrangement for 
taking up wear; but it Is more satisfactory to enlarge and square (slightly undercutting) the greater part of each hole, 
and, with the aaw in place, to pour in melted tin or pipe composition (lead and tin) to form more durable bearings. 
Before pouring the lead, coat the axis with a mixture of black lead and water and allow it to dry. II, when all U 
cold, the axU cannot be twisted round, when oiled, it should be g$Mly hammered end ways with a mallet, if there is 
still! trouble, out with an old saw along the dotted line (Fig, i% through wood and bearing-metal down to the oxia 
The nppsr halves of the split hearings can then he held in place by screws. Similarly for the bsc.rings (y, y). 

The Declination Axis (D), another ] inch steel rod, about 14 inches Jong, Is fixed, like the polar axis, at right 
angles man S inches long, 2 inches square block, grooved for its whole length on one side to receive! the telescope main 
tube (A). The telescope is fixed to the block by means of leather streps or thin metal bands. Thin J-inch metal 
washers are placed between the blocks and the upper bearings of both axes. The balance'weight or eon«torpOise (w) 
is formed of a small round tin filled with lead, in which a piece of tube that just glides over the axis hu been centrally 
fixed before the molten lead is poured in. The weight la so adjusted that it will counteract any tendency of the 
telescope to awing round by its own wnight on the polar axis. It would be quite possible to fit grade a toil circles to 
this simple head. Celluloid circles can be obtained cheaply, and could bu mounted on wooden discs of the same size 
—an addition which, with a carefully adjusted stand, will make possible the finding of Mercury and Venus in bright 
daylight and of atari by night from the places given in catalogues. But, even without circles, the ad vantage of being 
able to watch a star by only on* movement will bn found to be a great one. 

Altazimuth Head. —For this only the parti A, D, Y s W (Fig. 3) are required. The polar axil F is replaced 
by a | inch bolt which presat vertically and without shake through the central hole in the metal top of Urn tripod, 
A fiat brass plats is screwed to, and protects from wear, the Lower aide of the block Y, which rests horizon,tally upon, 
and can be turned in azimuth about, the metal top. Turn or scrape the top flat, and grease with vaseline. 

Adjusting th« Equatorial stand.—rim completed stand is ret up to that the top of the stand hi fov*S r with 
one of the legs of the tripod placed towards the south, and with the legs set well apart. Three strong cords of equal 
length should be made tout, one end of each to a central ring and the other end to a screw ring, fixed in the central 
oroiS'piece of each leg; this Is a precaution against a passible strident. 

The telescope tube ia next sat as nearly oi possible parallel to the polar axis, and then, having slightly loosened 
the clamping screw, it will ha sufficient, if no graduated circles are used, to gradually turn the equatorial bead till 
(in the Northern Hemisphere) the Foie Star is e&en in the field of vfow P The bend is then clomped. Any alight 
adjustment in latitude required may be made by moving the southern leg of the tripod either inwards or outwards. 
An alternative to the cords, which alio render* the stand more rigid, ia the addition of three 
stretcher bars, each mnrfo of twa parallel metal strips, fixed fdneb apart, nod riveted to a abort 
e roan-piece at one end, and to the flap of a firm hinge at the other. Tim other hinge.llap ia screwed 
to the central crues-piece of the leg, on shown ia the illustration, A flinch bolt with a wing nut (e) 
peases through the three slots, and clamps the bare together. 

When graduated, circles arc fitted, • more accurate adjustment of the equatorial head i» 
necessary, if it is to be of practical use. With a movable stand it is well to have som« mean* of 
replacing it in tb* flams position when once it has been carefully adjusted, or much valuable time may be lest In re 
adjusting it each night. Three atone slabs, or concrete blocks, having central gun-metal or brass plugs inserted, are 
set in the ground at the camera of an equilateral triangle equal in six* to this moat convenient teg bare. Each metal 
plug has a hole or rece» in the top, in which rests the previously-mentioned metal xplko attached to the lower end of 
the leg. The adjustment of the head proper may be effected by means of thin wedges under th? head T or, bettor, by 
three screw* passing through the me to l top of the tripod and bearing on the under aide of the base of the head, which 
should be protected by a circular metal plate that rests <m the points of the adjusting screw*. 
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The true IT, pole, towards which th« polar axis should ba directed nw nearly « possible, lies shoot V (two Modu 
breadths) distant from Polaris, Rod Tory nearly an the straight line joining Fularis. and ^ Uru Majaris—the last «tar 
in the tail of the Grant Bear, IP tha time is chosen when the Pale etnr transits aboro or below the pole (see N-4,), 
and the teleMoope (set as before, parallel to the polar asis) is directed towards the Pole itar, so that it appears in the 
centra of the Srfri of view, th«n n lowering or a raising of the sxi* through l", by mean* of the southern adjusting 
screw, will mate the adjustment sufficiently accurate for finding an object when using an eye-piece of low power. 


HINTS ON CLEANING 

Refracting' Telesaope—A good object glass la so delicately figured that it should be cleaned a* rarely and 
carefully as possible;, for fear of affecting th& accuracy of its form, (£w IWw, "‘Cfmsmirtf.") 

Tb* lenaes should never be taken out of their cell by an inexperienced person, 

Ths object glean should be held in Ito nail with just sufficient w play* for a slight rattle to be heard when it is 
gently shaken. If jwrfiwett up tightly, it causes utraim in the glww which mar the perfect definition. 

Reflecting* Telesoopft—The silvered mirror require* to be kept with very special owe,. a* the silver is exceed- 
iagly liable to tanushj especially in or new large town*, from the sulphurous fumna in the air. The owner of a 
reflecting tolescopo should, therefore, procure and study the '"Hints on Rejectors/ which have bean published by 
several of the leading makers of these instrument*. 

A slight stain causes merely an inconsiderable loss of light, bat, if badly tarnished, the mirror must bo re-silvered. 
This process may be successfully accomplished by the amateur, with little difficulty, and at no great expense, if he 
carefully follows the direction* given ia the book* just referred to, and uses pure chemicals. 

Care of the Telescope — Before removing the telescope after the night's work, cover tha object glass or mirror 
with the metal cap provided for that purpose. 

Never take the instrument from the cold outer air into a warm room, or the object glass will become da wad. 
If thia should happen, die object glass moat not be left in that state; but it should be placed La a warm room, at a 
safe distunes from a fire, until the moisture has Tuntahwi. Any stains loft on the glass most be removed by gentle 
polishing. Never wipe an object glass when it ia damp. 

Cleaning 1 the Lenses.—When it becomes necessary to clean these, any dust should Brat be removed by means of 
a eamaTv-Aair broth. Then the Ian* should be wiped very gently with e piece of very fine and clean wash-leather or silk. 

Whan not in use, all brushes and materials employed for this purpose should be carefully protected from dost 
by keeping them in eleau stoppered bottles or air-tight cares. 

Solan lye-pieces.—The ore of a Slivered mr deeply-wkmrad Barlow lens with ao ordinary eye-piece is a simple And affective 
way of reducing the Sun's light »ud heat. The chief objection to th Q oil voted Lane is that the Sim ia ao easily scratched- A epeci&l solar 
diagonal (Bit J. Hnreubnl'a), in which only about jfeth of the Bur/a light is reflected from the Amt surface of a irtitos prism, in preaur- 
abk. With thia, the iwlditioo uf a light shade-glaaa is necemary. See inuntratiau Ip Proctors- Svlf-Hourt with ths TkfatHpa, now (d». 

Hnliosrepea, or HeHmcnpe eyo-piooo*, depending upon pl*riuatLOO T reduce the Son 1 * light sufficiently to enable a dart-glam 
to bo dispensed with, but they are somewhat complicated and expensive appliances. 

Spectroscopes.—Small inatrumeotH for viewing stellar spectra can be had at a comparatively lew price; three screw 
on to or fit in the eye-piece tube. Those fur viewing premium rea, however, are much more arptumivt, w thsdSspsAdoa required 
Ia wpadderable, and prices are of the Older Of £7 {KM) upward*. It would be a great boon to amateur astronomer* if som* 
■nterpridng optician could bring out a satisfactory Instrument for half that sum, or lore. 

Astronomical Photography,—Anyone possessing an oquatorial LeSweope with a plow worm-wheel motion on the polar axis, 
can take good stellar (or cemetery) negative* in a bta cantoni attach-ndi to the tubo of the telracop*. using ordinary photographic 
tenses of f M or greater aperture, which should be carefully focnased by trial eiposurra : a driving dock i* not es-Hential, though 
advantageous. The taloacopa servos u a 1 guidar,' a star being kept steadily on croea-wiraa In the oyepioen | these wires ran easily 
be added to a positive eyepiece hy anyone accustomed to use took Exposunre are rather lengthy, from eomo twenty minutes 
upwards —to hours for faint ewtra—and. require patience. 

Moat refractors are not vrrry suitable for taking photographs of the Sun and Moan In tbs telescope itself, without an eyepinea, 
S4 they do not bring tho actinia And visual rays to the earns focue, ami the sharpest poaition has to be found by trial and error. 
Rcflectora are free from this disadvantage, also 4 photo-visual' refractors ; but the latter are expensive. The Moon can be 
taken by a died telescope* qf «diuvy fo«[ length, IB shout ^-Mrattd, but ttw image t* small— in A -5-inch, Only jf’tnnh diameter, 

Thuaa doaErQue of taking up this pursuit should procure 1 Astronomical F Autography,’ by Mr H.H* Waters, F.ILA.S.—* little 
hook which given el] needed iafansfrtim on the subject of apparatus, Adjustment, exposure, Ac. 

A Celestial Globe, adjustable for latitude, ia useful for finding tho direction and altitude of Mercury, nr A totnet, in twilight, 
also the path of the Zodiacal Light The stars ore reversed as regards left and right oq the globe, because we view the star 
sphere from the bunds, and the ginbe ia viewed ftnn the eutinda. 





ADJUSTMENTS OF A NEWTONIAN REFLECTOR* 

Thk elliptical flat mirror, Hjouuticd in a abort mfUl tub# cut olT at nil angle of 45" with it* nil, U MUBfltinifll 
■npporied lel the coati® of the utin tuba mid toward* tha upper end of it, by a no^l? rdW arm fired to the ltuidi 
of Lhe tube. More usually the support oonriit* of throe, sometime* four, steel atrip* of spring tom per fitted with 
•crewed eada that paw through holes in tire main tube* outildo which they arc held firmly by means of nuts. With 
the aid of composes or a scaled ruler &eL the centre of the flat mounting exactly in the centre of the tube, if it ii 
not already so placed, 

When thu flat has boon centred, its inclination must be adjusted so on to reflect a ray of light pacing along the 
a*-!* a f the main tube along the axis of the eyepiece focussing tuba This must be done by means of the adjusting 
Mfftwu fitted to the flat mount Sometime* these are three in number, but n batter arrangement is a hinged Hat 
mount with a single anglc-adjunting screw with a knurled head, And an axiaE screwed pin enabling the flat to be 
partly rotated and damped in position by mean* of a heavy knurled nut. 

A braw disc-fitting,, with a central hoi* about in diameter, is screwed or slid into the eyepiece draw tube 
in place of the eyepiece, A special fitting, though convenient, ia not indispemablu, since the front part of the mount 
of an eyepiece of high power, with the lenses removed, will do well as a substitute. On looking through thw hol^ 
there will be seen the circular end of the eyepiece tube and within it the flat with an apparently circular outline. 
If the fiat is approximately adjusted there will appear, within the circle of the flat, the circular outline of the mirror 
and It* eel! A* a help to the eye, the largo mirror may be covered with a white circular card of the same sire os 
the mirror. Then, by inoau* of the flat adjusting screw*, gradually tilt the flat until the outline of the mirror (or 
card board disc) is concentric with the uynpEuce-tube circle. It may be necessary to move the baae of the focussing* 
tube mount slightly up or down the main tube to perfect this adjustment. Remove the card and there will be seen 
a circular dark spot, the image of the flat. If this is not exactly in the centre of the bright mirror image, it must be 
brought to that position by mean* of the three adjusting screws at the base of the large mirror cell- The dark tpoi 

it eiitHtjf i malt distant /row the wljuM&Mtff Seme that Minvf &f 
1/" |um«f in. Thus, in Fig. 1, the wmw whose position is in* 

f — dicated by the head of the arrow muft bo turned in to bring 

I w tkf a the dark spot, to the centre. The same result ia achieved by 

turning the two other screws equally outwards. The circular 
\ h~ - --^ 0 outline of the flat Iteaif should not be exactly concentric with 

Hie eycpjecg tujjfl ttQ d mirror circles, but slightly displaced 
towards the upper end of the tabu, an shewn in Fig, 2 where 
all is in perfect Adjustment, EE, the nutormost circle represent* the far end of the «y apiece tube; T pari of the 
tube which, holds, the flat: FF the flat itself ; MM the bright image of the large mirror \ I the dark neutral image of 
the flat, and S the images of the four spring supports of the flab mount. 

Fig, 3 shows the appearance of a moderately bright star in a good telescope, when the oar is steady aod the 
instrument correctly adjusted and carefully focussed—a bright round spot surrounded by two or three concentric 
rings of light. It is Impossible to portray accurately the extreme delicacy of these diffroction ring* u they appear 
an the best observing night*. _ 


EQUATORIAL ADJUSTMENTS. 

Ir is infeasible here to give fall direction* for the accurate adjustment of an equatorial. Such instruction* are 
given in Horne aod Thorn thwaite'e “Hints on Reflecting and Refracting Telescopes/ 1 and in Chambers' “Handbook 
of Descriptive and Practical Astronomy," YoLlT. {Clarendon Press, IfiOfi), The chief adjustment* are 

l , Adjust the etmiardndct of the declimtim circle. Tho equatorial being placed fo nearly its correet position, read the 
doolination of a star brought to the centra of the field when near its southing with the rircle facing E, Rogxeat with the circle 
facing W. If the two readings ftCTee. the Tarns or position in mnm-t; if they are nut the SAlne. move the Vernier half the 
differtsuoe between them. Other *4j wstmenti having boon completed, the dtKilination rtmisr ffdl Ludicato 0* when the telescope 
points to the equator- 

31 AdivM the fwlar axit to the altitude of the role. Road the dori) nation of a star which is on, or nearly on the meridian, 
and also near the zenith. Compare the reading with the dndiuatiou of the star M given in the Nautical or Whitaker 1 * Almanac. 
If the mrnnuntu differ, set the circle to the correct reading, and bring the star to the CCIitre of the Held by mean* of the hue 
adjusting screw (S 1 in the drawing cm page M). 

3. riam the polar ojti UI the imric/iai*. Point the tolwoopo to a known a tar about 0 hours from the meridiM., either 
E. or W, uF it, but u distant a* passible Erotu both Polo and horizon. If the star ja E. and its declination a* shown an the 
declination circle eioood* that given in ilia catalogue, the lower Cud of the polar ail* is W. of its right place Atld Imiat bo moved. 
A horizontal or azimuth movement given to the equatorial head, to correct the declination correct* also the meridian position 

Other adjustment* necessary are L— 

*. Set (Air opt tad! an* of the teleicape at right angle* to the deoLmafim a™. 

ft, The polar and dedinaticm aw* mini be eet at right angles 

A The index of the hour circle wwl point la 0* Wim rA« toUtoopt it in Urn vneridmn and the destination axii horitontaL 
|V,M a movald* hour emit (tie oppotdek the ■rerti %eri P* and f' 3 should thaw like trading* ukeit the telescope it thta **L 




at 

EQUATORIAL HEAD. 

The section drawing represents an equatorial head designed and made by the author. Tt is mitable far a 4-inch or 
smaller refractor. It was built up of iron and gimmetol castings from attuple wood patterns, and a few mild sleet 
and brass rode. All the work required is within the capacity of a 3^.in. centre foot lathe, with the addition of 

a single division pinto and cutter for the te&th of the R.A. circle, and a circular protractor for the marking of the 

dir talons on the circles. 

A. Part of the driving-rod with universal joint IT at the apper end, connecting with the worm screw, and 

a handle (not shewn) at tbs lower end. 

B, Gunmctol coned bearings of the polar axis, 

Q. Declination circle. 

D. Declination axis, 

K Arm screwed to the polar axis tuba and adjustable 
for any latitude. 

Y. One of two side plates screwed to the bam and be*- 
tween winch E is held by a J-in. bolt and nut L 
H. Lever of cam. When pulled down it puts the 
worm into gear with the fixed toothed ring JJ. 

K. Knurled head to tnm a pinion engaging with a 
circle of teeth cut on the inner side of the R.A* 
ring R. 

It Bolt passing through a hole in th« base, slotted to 
allow for a slight movement In arimuth. 

Behind L is a central vertical pin (§-ln. in dia¬ 
meter) about which the whole head can be turned. 

M. One of two push screw* for exact meridian setting. 

N. Knurled declination olamp nut. 

P, Polar axis. 

R. Right Ascension Ring, marked from Oh. to 24 k T 

from west to cast round by south. 

B 1 . Adjusting screw for the alow adjustment c! the 
tilt of the polar axis, 

5* One of the two other base screws* 

T. Main tube of the telescope* 
yi. Declination Termer on arm with adjusting push screws at the tower end. 

Y*. R A Yeraier, fixed, for time, 

V* S.A. Vernier, moving,, for R.A of object 
W, Counterpoise weights with set gallant, 

Ho slow motion in Declination is shewn, but one is a great convenience and could easily be added to the head. 
For convenience of representation V 1 is shown at right angles to it* correct position. It may be rotated about the 
turned end of the polar axis tube, and damped in position by the screw X. 

A large-fared watch or an ordinary spring uloefc, regulated to keep sidereal time, with an inner circle of figures, 
XUI to XXIT added to the face, in a most useful, indent! simoat indispensable adjunct. This may be set correctly 
to sidereal time each day by means of the wireless time signal. The sidereal time for the previous midnight can be 
obtained !™m Whitaker * or the Nautical Almanac, and t a this I2 h 1™ 58* (say 12 h 2”) must be added to get tbs 
sidereal time at noon. * 

Tho method of finding a celestial object with an equatorial of this type is simple. (1) Move the telescope so 
that the declination vernier (Y 1 ) indicates the declination of the object as given in tba catalogue, Clamp in dedica¬ 
tion* (2) By mean* of the knurled head fK) torn the R.A ring till the R. A of the object is shewn by the lower 
M moving vernier (V*). (3) Torn the telescope till lha sidereal time as read from the clock is shewn aka by the 

upper fixed vernier (Y*)l 

If a low or mediam power is used and the hsad it in correct adjustment, the object should be in the field of view* 
The Inver (H) U then pulled down, and the object cun be followed by slowly turning the driving rod (A), 

If the object is not at first in the field of view, a slight movement of the telescope either forwards or backwards 
in R. A will generally bring it into sight If not, tho circle reading* should be checked and the adjustments of the 
bead corrected if necessary. 

The head should be fixed on a strong wooden braced tripod or iron pipe filled with concrete and protected from 
the weather by a galvanised iron hood, the telcscopo itself having been removed. 

* Fcr placet <£ * MrTMEHm of fn. of Uwu- mult Le ndd+rl f*r «ic\ 11? if Iw'ltttk • if W m iubtrart#L 









£ w* in C*tw 

fi aa in wo 

i u Eti so* Q &o tti gii 

I A „ fat 

S „ ttat 

I Ip 111 . it „ odd 

j k „ arm 

3 h wa ter 

m ... tl „ orb 

! IL H lub. 


| M „ food , 


Pronunciation of Names 

The indents are pmtjotmoad aa follow a:— 

Auie:--Tlji4 Llii fOrllowH Lti« jhj-cuiI 1^1 FiipILiLi cticLLukl 
Of llKiUuliiAatEniV, whickrt geUerallv etaifii fnr LalltL 
«jl! Iin»t jn-oji«r u.uui=* in fcogianh cooU-JtL 

ConsEflllatioas.-Fur dtt pniitivta it/.) of &Mn« ontllae, - --...» --- M ^1 

1 hewn eliding id a : dhorngw tlto a into a ij»ru|»ttaoed 3), ua Mutiui, MtLua*. Mo. him UotiaLulUiigiia ura \ 

Ay Du rJU lUi, in - ilrfal ' A iU Aiwfrtafltniii 

Ax*Ma,* aru'Ei-fc ... TKr Air Pw».p 1 

Ardfl, 4 ij?. i-Jifiti'Laj fiirtlof Purotiut 

A^UJoroi, E-kwiVbfiia 2Ar TFtfOr- 

Ai*L!iLA f tJf'wI-U . ... TAeRayit 

Au a A'rt ... The AUnr 

AImju, Ar r ,u;a y;.,, ... Mia Aiya 

ajhw, ri-T*' iff., irr^twi tL 

ACaraij iS-fi'ifii Tht Ckarirfeef 

ItUiifgu, U5h4j r tfia \\f. r .lyij The Hrreigpvvn. 

OxMLtTM^' h3 r tfini ... .... Tilt CkintL* 

CiJOtU-FAinOi, ■ kt-wW^tiira-a. (iirnjfr 
CiJiomi- kAtfuAr 0i. r ktn-krEi T.ht t,Vti h 
Casm Vaulin," vtatl'-M, «r -ki 
Li'Huittq vJruit'bkfi'riim) Grtyhm-wh 
MaJi.hi, ItA'llIi mk'-jfcr.' Ijy. nut jfiVfcij 
ttuscMi. k±"nLi mfoAr fa, ml-nii'rfe I 
FAn f^PrtiiJFr aisui Ltiifr jPity 
CAitUduUyfft, ItiEi-ri.idr'D lii Th » Swr-|nwt 

Paris a/ kife-rl'ii* TheBtel \Ar$\i) 

OuaiurMta. kiU-i-6-pJrjfc .., Qznmprin 

Cnmcncap ifr-iA'rii ... FAr Oumur 

Pil’ttiiJH, *$'{& or ... Crphtnt 

CrrPn H rf/tfij Till- Sea Uanil^r vr IFAtcf* 

PilAJliM.mv,' ka-aifile-iki fa, - LAfi*'tfr'i 
The. t ¥ AaiHaJfWi 
ClSUirUlt," bOf'sPntU Th* Camp*Me* 

Gr^n-MB*/tfi.lWfc4 FArr/toff 1 

CajilA k3fapi i^r s nr^ 

fa, ko'mi bfcri-BfaSa} Hermit*'* Hair 
CdRoMa AmmihSU, l£&-iro J i)di an-trAlk 
,, liuftiiijii, n bo-rc-i'li* 

The SfJiU/tfTH UTid pfvrihem tVomii 
Qricfnul Fans A. ■ AntLu Pirn® 

rtf^piNicnJPiirn-nrp. d &Uin* M* 


Cinmin.b^Eari ... fAblw 

f ’KATij, krft'ler ( ffl1 krit ¥ *r^) The Vvp 

OllFI,^ krultif (if. kruiiirinl ... The i<r»H 

UtOBta, a%'hm» ... ... nt.'^ixm 

Dlluaxn^ dfil-fTnw ... The Ittluhin 

i■ • IS-riMfi :y., -lIAVi Swrtitth 

rj«j,cm, tlrmTio ,;, Ap .LnitoaUj Thr 
KgtmjiDa t d*kw66'l3-4» FAr LUtft H»r»t 

Fiuvasua, 6.I>1 Vtjiih The Hi ere tridtinm 

Fuh h aS t * rfir’tiAM {$, Fflr-niih fc» v Pur «n« < 

C5 j JhiT tnj (j-., . .i A'ruui; TA< Fwnti 

G H era. * Rrii- SrS^a 1 n* CVn -w 

HiHL-ptm. tiur‘ltQ.[iLiiV,i.I>i NcrejJr, 

ItniiuJjixiM'M,* FAr r.WA 

HiiBU, lilMni The Hitler Mal t 

flTDliea t * irtJr^i ... 

t«BPS,*|a J da« ... rhtJnHwm 

L.lt’tMPA,' U~$r f i4 ... The LUrt 

L>o r I 3 r 0 (y , JWnlft) The Lion [L^fi 

., MJMtih.' iiil'ndr (y. ml.narf rf ) Lmtr 

Lirrra. (,„ !r r ^-l. . FAr i/rn-i! 

TjID'Ka, IHuA ... Stl/aFuirp 

Lufeth, 10'trijji ... ,,, n* Wolf 

Ltss,* tblu (,?.> -Uh.1«; , + , JAr Aynx 

htOA r U'tA . Ur Lyre 

[Uj,c.E.-h/,Lii-iil | i fuow Pisia)_ to.rft it/Aryvl 


Mema,* ui4u'«a T«h{r Mvimiai 

>f I LIB I rtu’rtWTii, ¥ mi' kT^-iifi-p-1. Am 

FA«- J^fcffliwipf [ The I’dmm I 

ItfUfiKwitfhs* mo-ikiWflrJki (jf„ fir-fl'iL-' i 
M UstA.* The ISw&rrn} Fly " 

Siiiijii,* Hfir'inE ... The urtrf 

LktAys,* Ofliiii (y„ fik-lJLn'LT*) O^eritf 1 

HU»U iknVjtwrta,. n- ^^fnrV *C«iJunta Nun^Mi, 'Fufnni rltanka, 

Afiji H run. AnatxiU^ 7 pttata»J{iiuu]Mii PiiHf.Hp, JOr IklnUH* iiu#J r 


OrHTCJcatrtt. of-i-iVkLL* The Mttpttu-hmmr 
OR[«y. A-rt’Cti 'if. Cp^.S'd'h) hr JJutiier 
Pa^Oc* [A'Vo l'v,, pi-ro'iiie) The Prnrack 

pKiAira, ... Pttjtiiut 

Pebsji: 8, jiljr'hyiur[nlr«-C■ Pertnt ■ 

I'Uom, * IiTtlkkfe \>J, t ft-l>l r «:iii} 7?Jt Ffu muim 
PlCTOS* * jifk r i 4 f (y„ - roTMl The Pm i nU r * 
PmuKH, [sia'fii pnT-fiml The £i*fie* 

Pikte Anirni-vcE, pin In ^-irf'nOri 

I'Ae SnufAem FtJth 

Pui™,* pOpT* (p fct jig pin!- Pmp (vfArtp) 
pifeVTi (y., j.Ik'HJ-iJLij The L’ampat* * 

S*a*ntM»,* n* AVf 1 * 

tfuorm, n^jit'4 ... ThtAmm 

JiAti'l«AyjL-a f .. . T'An Jft'Atf 

.■'H’tJjiFto, [ff. , -D‘ti T r» The Pfitirpirm 

ifc'ttttnta, Rfcflr'pWU (ij ri iki^'pi rj 
ScDurram* *kfilp'tdr iff., -tfl'rla • Sctihilar Ir 

SkrjTCJ h, 1 »JiQ r t lieu. ... The SkM 4 11 

ailLFERS, P^r'jAhlE MT-FftPlftf ^FfMWkl 
Sejtesa, p nekn'lAnj .^scIdmI ,a 

TaojiUi .,, ... The Ball 

TRUUfWRVK,* The rdrwj* 

TaltBOfLuif, Iff- mi y;'ij;u-1 in i Th* TtiaagU 

i, Anwjuam.* ^AUrna Svitthrm „ 
TL-CAM/ifiA-U'wl - The Tmn 

(Jej.a Mi.'nij. lir'wi mi']*- jfi^} 

i+ Misiijil, (ir'id nirtwr (y.. wrV^itLi-nS'rn) 
FSc tftwltr 9*ui tht Ufa ri 

VjtLft,' vftlA (y., Atq<i) 

VrnncL r vflr'jfij (y*| rJir'ji-iiii) The F«^yiiA 

VotiXa,* *6*140EUr- -OAn'UTu .1 Plyinfi F\'*>■ u 
FTTLrKEPLE/ The /W“ 


• Pfyia hVuliH. T** Xartiw'i H I^Udiilm,, Jilu.mUilrinlIn. Th* jKflaiafekiaf A"bIL O AjipirtiDa ^iklptwia. Ttn WryipWi fftafatm' 

K SonTilkifdWuirj * iAirirf. UltalUW UfaiiifB, Pranla'j ftrinaL U PHacli ViJina, « VuIpKitlln »l Aruen, fH# 5w ana* tin 

Star and Cluster Names. Mihijf »1 iLaac, tmiulitontod or MuwpteJ frvm tEL* Artliac, hmMW RMniliml aprUlnsi. BE Anub, Araab 


Caphj Cti*pSi - 'JcK'altib Kbl twlml i TAr*«c4 1 'Tnuusd, A a m»v = n; hr 


Aehernfir, R'kHt^olr n. FriJuLii 

J rpuA. ikVAii ,3 ScxirpLL 

AAe in fcli'ri f Cam- Map 
A thirty, il-btr'fl-A 
Jteh if Mi, Sl-kl-l A' a CVufvi 

AJeor, n!-W *»UiTB.SlRi. 

Aity&itt. AE-nrfi.no q T*uri 

AWrAcmi*. Al-ilSl.i'A-eiu a T*url 

^JktrnTnu'H., A’-ili-Ti'mln * f.VpK 
Aftfeifm, Al.j6 J 1A y tjwmip 

Ah/mih flS-iS'nlb 7 Ftyptai 

Af^J, ^ fffil, *1 -phTH J pT*™l 
il^T&b' 3 Cf»r*4 
AfArrto, As.Lk'jlA >(JoinIn. 

Am A, WMJth' 

Attmiet, AJ-kiri' q „ 

AI i'll/ uFYjjrjr. A1+kA-ifi J r6w M ] Built 

Atiti, Al-lefei* 4 trmriTH 

dfetmki ilMUik' T Audnim 

Ain-ifjwi, AE-nT.lAm' »Oriaftia 
Alphabet, I]-(ftrtC a Hjfclrie 

Atpheewi, 11.^4 s Fur. liw. 

Alphrtnt:. S3-ffi'rikfa c Atjufrattl 

At)thirl-, U.fftrk' p Ctrpbel 
Alrai, B-rAT 7 r1 

A f njuwi^A.il-rbfi-kl'l iA a L 1 Mia. 
AfiAn.fti, Al-fkikln ,3 AiiuiLit) 

A Hair, XbtAr 1 4 M 

Jiimiiil, At-wATil ^ Dnwo 
A ntart-M. 4 Swrpii 

JrpfM^TH 1 , JU-k.tB'rSai a Souf ia 
itrWif/, iri-rtud' nfj’pl 
Ameh. Ar'ti * 51 1 4 L^aerEi 

Attempt. An-e3r'6.pi 21 Tnuri. 
Atfii#. it,'ll* 2 ” .. 

A eimrr.h, ite-t-uL^k* 4 Virpmi* 

J?«irjiA"«i>i>i.lA ll 'b'n.krifta fCttE 
Btffatria. |> 6 -f 4 llrfk* 7 tlnORLR 


BeHrtntw-h, lA-ofit'jiAftliiTUrsSlEl 
Jkufytutr, a 1 WimEa 

(^wfljwi, kir-Dfi'pfi» n Argil* 
Cnprtfu, ki.jKvl'* a A ixHn® 
*-kph, ki f ft (buwktp. 

C-is^u# 1 , kAn'-iAr, a Utiu. 

fSyflurtfi kfir lir'iklT e. I . 1 iVu 
Ocr SydrtE, fcfirM'tM a Hytlnu 

tbr A^nai i‘p, kAr a LrmnJl 

iWStorpit, kfir hlifir'jiM 

(or k. ak6r-pil-&'nTn] & Scf irpii 
Cqt StrpentU, kflr rfr-i^n'rE- 

4 Snrp^nlia 
CkiFita, kfir-ni* i &rf.lani 

ptfwl, i lift "Sip a CviUl. ,H IjopirE* 
Itfnrh Afyini-i, (Ifin'fti U-jS'ill 

h Capri wrni 

Ikneltda, il^-nfib'-CKli rf LenitfLi 
JHiphila. rJWilA ^Outi 

lljiAfrr, ilBftb'Evfl u L : r. Maf. 

hMk'ti* ITTVarl 
Enif, AWpA.fo'Tf * 

A'mt i'. Lr-L 4 i r 7 r'VpIitrl 

jFfciiw.tn, il-E-min' 7 Draennli 

^NTp f ffilh f Pt>j[TiBl 

FrJwLiiiJinuJi, ^'mil-bAl, -iiiiiS .fi 

a PiicriiL Auutrini 
fJrBirm*. JAui'i * CuriltU. Bun 
Qinf i, P<riu\*i A JrVicitila, 

fprl'rna. a 6 .lriln'di a 1 , a u CajL 
tivmr.Ua, efi-mTEA jSCrp- Win. 
Hmn-nJ, Uaisi'iir a AnV.il* 

fh ini 4 ni bA-niAm' f TVywi 
Hf/oiift, Ssia-iBi {Star t71uater} 
Tint, fi-sAr' > f [li-iniij 

Knitoin, kbiiLi’ a PEaHlItfl 
£*vm Aettlrulim, kfia ifwtrinia 

( yagittaHE 


k or kli 5 oi ~ jr; f = jib + 
Keth ai R<ti, kfiltaW-rli' f$ Oph. 
A'omA, kfiltab ft Um Min. 

K^rntjihrirua, kfii'-uAFft-rfiB 

ft Here tilt* 

A’urait. kQr *V p Kridwii 

Afetiif, inSVA, niE-i* iO TEUri 
Mmrkutr, Djtr'kAEi a Pegiui 

Mnrtlk inAr*!ififc • Hrreulk 

JMniti, mf'i-nafi'tA t 0«d»5h. 

Aff[ym, inA'ijrSi fl T.Ira,U.nj, 

Mehih, mfi r kiU 4 Cmt\ 

.V'f iiivu'iFUML, iMBu-'kil-bniri r 

; rJ Aurigir 

Me.nlnr, AiAr, ftifinkit- a CVtE 
Mini, ml ¥ i4k fl Ura. Maj. 

Mrropt, rhJj-'o- pfi 23 Taun 
jHr«tr(AtTii v in w-Er-clui' 7 Arioti* 
\fintAtivt, iniu'U-tli AOrtimfa 
Min, itiTi* a Gobi 

Atirneh, mFrifc, mfi'rtk jfl Audj*. 
Jiirfttk, pi]i ,r fAk 4 I’enri 
J/imwo, cnlrV.am ^ Chji. Mi»j 
Affair, mriAr fl Aj ^AiB^ai P 1 
f T7r»ii Majuriii,. t Iktgtia 1 
Jfuphrid, wfifi'fTia irlWH* 
Nath, ufcr.li/ j 3 Tauri 

MtMmr, rj#t-kAt ,¥ ,9 Rubik 
Ol-da, &k'r|* a Piacfnnj 

Ph-ifu, f£kt a dnlmiiknir 

Pketd*. ffk'cU 7 lln, Mij 

Fbiadn, pit' ur plS'fc-rtP* 

Mem*, filPd'ttl 2 B Twin 
Pthrit, pfi-li'ria aUni.MEri. 
PnUnttf | AI'jJka ft iftren i n 1 
Prturpt!, iirlHhS'pS (Cluibs*} 
Pmct/un, prfl’«i-ib a Cania Min 
I'uHifnW, pAl-kirltu* t HuiiiU- 
Jerti AlyrifiL, Hla a] -]■&'!* 4 . Here, 


h ; i±±*or*t e=lL 

/in* J ihayur, ri.i U-bt'^i 

4 fl^LIUllM 
Hajffif/tin, rfca-tA-tAu 1 7 iPraniniB 
Rtyu/iu. r^R-'Q’lu* a Leunid 

Jthjtf, rij'tcfl, H'jel ,1 OHiffli* 

AeTitnn', rfi'Li. n*i* $ Drlphioi 

SndarJiJivK ifclik-bi'i 7 Aqr. 
StdalwUl-, lAiE-il-inflTk nAi|f. 
Padmltiui, 0 „ 

SnA«ii, klrf'At 0 Pegani 

ffaheetar, nlMM'itr a Cawiop. 

1*-, *bfliik ft tjrrss 

A’AreiTiitrt, ilviVfc-tAn' j3 Arirtii 
fife'nia*, *iFT-SIb a CwuHaj- 

Sirrah, ilr'5 cAn^ranunbi 

SIeI, "kSl ft Aijuiu-Lt 

fyw), ijal'JtA 4 Virginia- 

Siitvjyfiai, rfifi-li-tflt' 7 Lvi-ai 

SmUifei*. avS]"a.klia n Dfclpkioi 

TalitAit, [*.le'uk. 1 Ur. Maj 

JVrnrW, tArA-isW 7 Aquilw 

tiv-Tj'fi-Li lE'Tliuri 

nAwFiafl, tiifiii-bitii' u Dnu9>nii 

i'fttiinFAay., a-mtkal- 3 ia' * S»r|i, 
r^yn, Tfipri al.yri» 

vlD'itt" mT-ft'trik* 
r VTrjtfcla 

HiHiitf, Wfc‘tA.1 li tJ-nrmufiyuTq 

JVrf. JffiiJ S Olllpiliolll 

/(iiirai, nfi'i-Ak 7 1 ki'hlauJ. 

Ztimijah, rAvo-ja V ir^iiin 
Korea, Zcnma r KPaaTt*, rfin-inil 
I SVsitiU 

lokn rf fltmrfn, fi] jo- 

Ii6e"h6 a Iibftx 

, f el Betkmtti,bl EA- kni'lii 5 7.. 

,. tf. Chtnvdi, Al aLd-mAnil 
Zwfrttietfh. !£fifil^!t'£*!ii ft,, 

















The Brightest and The Nearest Stars. 


A3 


Mama 

Brightest Stars. 

19M 

R.A. Dm. 

HagnituHs 

Appirretit AboduEis 

FtraUtX 

IA jrs, 1’areecE 

Annual 

IJ. 

Lnmmcestj 
(Sun = 1) 

. S;K'i.'tTaI 
-fj-pt 

Sirius 

6* 4S0" 

-16* 


-i-sa 

1-3 

<rm 

9 

2-7 

r 32 

20 

A0 

Cntioptia 

6 

22-8 

-52 

40 

- 0-80 

-7-41 

<r-0051 

6501 

200? 

0^03 

so,ooo ? 

TO 

a. CunUuri 

14 

36-5 

-00 

38 

0*06 

4'T t 6-1 

r*7ss 

4 

1*3 

rm 

1*1, 0-2 

GO, KB 

Vega 

ia 

35 2 

+38 

14 

OH 

0-6 

O' 124 

20 

8-3 

0"*35 

50 

AO 

Citpulln 

B 

12 9 

+ 45 

58 

0-21 

-06 

O r -OG9 

47 

14*5 

0"-44 

150 

GO 

Arctqrnfl 

14 

13-4 

+ 19 

28 

0-24 

-0-2 

tr-oao 

41 

12 5 

T S9 

100 

K0 

Rige] 

5 

121 

- 8 

13 

0-34 

-as 7 

<r*oo4s 

5401 

166? 

0" 01 

18,000 1 

m 

Frwfiyon 

7 

30-8 

+ 0 

23 

0-48 

3-0 

O rr -312 

10 

3*3 

r r -£i 

5 

F5 

Acbemar 

1 

35 9 

-57 

30 

0 60 

-0 9 

r-049 

60 

20-4 

r-09 

200 

m 

fi Ccutauri 

14 

0-3 

-00 

7 

0-80 

-3 9 

tr-oi t 

300 

91 

0"04 

3,000 

B1 

A1 lair 

19 

483 

+ A 

43 

0 89 

a-i 

CT-204 

IS 

5-0 

Q-0G 

9 

A5 

BcKi]gC!«BP 

3 

5J-5 

+ 7 

21 

0-92 v. 

-29 

0-017 

190 

63 

0'03 

I h 20O 

MO 

a Crticii 

12 

23-7 

-02 

50 

1-05 

-2*7. -£*2 

0-014 

330 

71 

0"-0S 

1,000; 650 

ei t bi 

Aldshararii 

4 

33-0 

+ 10 

23 

106 

-01 

r -057 

57 

17-5 

0**31 

90 

KB 

Pollux 

7 

42-3 

+ 38 

9 

1-31 

12 

0"-l01 

33 

10*0 

0”*62 » 

28 

KG 

SpiiiB 

13 

22-5 

-10 

54 

1 21 

— 3-1 

0'-*014 

330 

71 

0^-05 

l t B0Q 

B2 

Antures 

1C 

28-5 

-2G 

20 

1 22 

-4*0 

0 M -009 

3G0 

Ill 

C’-OO 

3,400 

MO 

Foinniiiaiit 

n 

B4-? 

-29 

53 

1 29 

2-0 

r-137 

24 

7-2 

r*37 

13 

A3 

Dench 

20 

39 7 

+ 40 

0 

1 33 

-S-2J 

Q"-OOS 1 

650? 

2001 

Of'oo 

10,0007 

A2 

Heptlua 

10 

5 7 

+ 12 

13 

1-34 

03 

0 H *0S8 

56 

17*2 

0**24 

70 

138 

fi Cracin 

12 

44-8 

-59 

25 

1 SO 

-25 

0"*O16 

200 

02-G 

0 rr ‘05 

850 

IU 

Castor 

7 

31-4 

+ 32 

0 

1-58 

1*4, 2 2 

0^-07 G 

43 

13-2 

0 V 20 

23; 11 

A0, A0 

Nearest Star*- 













Proainia CyiiLjuiri 

14*85-6* 

-03* 29' 

10-5 

J5-3 

r-79 

4-2 

1-2 

r*sa 

■0001 

m 

a CciDtaari 

14 

30 a 

~flC 

38 

0 06 

4 7. 61 

<T7« 

4 3 

13 

r G8 

1*1, 0 3 

GO, K5 

Munich 15040 

17 

553 

+ 4 

20 

9-7 

13-4 

o' 1 -a 4 

C*2 

1-9 

10^-29 

0-0005 

M 

LoUnde 21185 

11 

08 

+ aa 

20 

76 

10-7 

(T-43 

8 3 

2-4 

4" *78 

0-005 

MS 

Wolf 359 

10 

53 

+ 7 

30 

13 5 

105 

CT-40 

8*1 

25 

4'84 

0*00002 

M4 

Sirius A 

6 

43 

-16 

38 

-1-6 

13 

0"-37 

8 7 

27 

1**33 

2fi-0 

A0 

1 ni] t e 1 Sur* 

H 

14-3 

-57 

18 

11-7 

14*4 

0 H -34 

9-6 

2-9 

2 J, '69 

0 0001 

_ 

B.D. - 12' 4523 

1C 

25-4 

-12 

2i 

9-5 

12-1 

r -33 

9*9 

3 1 


00015 

315 

Corboda V+213 

5 

9 5 

-44 

St 

92 

U-7 

0"-32 

10-3 

32 

8^75 

0 0022 

M0 

Hosa 2+8 

33 

38 

+ 43 

ao 

13 8 

1C-3 

0 r, -32 

10*2 

3 2 


0-00003 

M6 

t Ceil 

1 

41-8 

-16 

13 

3 6 

6 1 

0**33 

10-2 

3-2 

r'92 

035 

KO 

PrpcJOli 

7 

303 

+ 0 

22 

05 

3-0 

0\31 

10-4 

3 2 

r'-24 

6-5 

FS 

t Eridani 

3 

30 6 

- fi 

38 

38 

6 3 

0**31 

105 

32 

<f%7 

0-31 

KO 

Cl Cj-gni 

21 

4-5 

+ 38 

29 

56 

80 

rm 

10*7 

3-3 

B'-’-iS 

006 

R5 

bacikiUo 9353 

£3 

3-4 

- 36 

9 

7-4 

9-7 

(T^Sl 

11-2 

34 

a "-go 

0013 

MO 

2 2398 

18 

42-3 

+ 59 

33 

88 

111 

0"-£9 

11*3 

33 

2"‘31 

00036 

M4 

Groom bridgo 34 

0 

15 4 

+ 43 

44 

81 

104 

Q J '*2S 

11-0 

2 6 

r -89 

00073 

M2 

r Iiidi 

31 

59-3 

—B0 

50 

4 7 

6-9 

wm 

11-S 

3-0 

4"-9fl 

0*17 

K5 

Krliger 00 

22 

£0-3 

+57 

27 

9-3 

11-4 

<T4 8 

12-5 

3-8 

0-*S7 

0003 

K5 

Van ilmuieit'a 

0 

45-2 

+ 5 

10 

12 3 

14 3 

0"-25 

12-8 

3-9 

3"-01 

.. 

FO 

Lalttiidu £760 

4 

37 

-38 

0 

0-7 

8-6 

O '25 

32-9 

4*0 

3"-53 

0-04 

MO 

O.A. (N) 17415 

17 

37 

+ 08 

n 

9*3 

11 3 

0'24 

13-2 

41 

r-sa 

0-003 

K 

B D. fil“ 658 

3 

&2 

+ 32 

12 

02 

11*1 

V *34 

13-6 

4*2 


0*004 
























04 

Bayer and Lacaille Letters and Flamsteed Numbers. 


Andromeda. 

A. 49 

b, 60 

fc 62 


AQUenma. 

AMOS 
t t 53 

AM 04 

Si 6fi 

b\ 96 
h, S3 

W, 99 
iM« 

aquila. 

A, aa 

b, 31 

c, 35 

dp 37 

BodUfc 

b, 4 3 

c, 45 

4, 13 

a, 6 

OAMOEft- 

a*,46 

A* 50 

bp 49 

0, 36 

OARRICOANUD- 

a, n 

b, 36 

Op 46 


Oe&siarciA. 

A, 48 




OENTAURUSh 

s. 

a 

X 4 

U 1 

k, 3 

Ovahuo. 

A, 63 

P, 34 

hi, 37 

b* 33 

IA 29 

Draco, 

A. IS 

b, 39 

4 46 

d, 45 


A, 39 

b, 69 

fl, 51 

dp 43 

Gemini. 

A, 57 

b, 65 

t>p 76 

d, 36 

Heaculeo. 

A, 104 
nitdti.S? 

b„ 99 

c, 33 

d p 59 
*, 21 

0p 69 

■V B 

H vpra. 

A, 33 

■p 6 

X 61 

b 52 

LEO- 

A, 31 
m, 51 

h, 60 
o, 73 

0j 59 

Dp 95 

d, 58 
p*. 91 

Lu put- 


2 

i, 1 



Ophiuohua- 

A, 3S 

X 44 

Op 51 

d, 45 

Onion, 

A* 32 

k. T4 

X 51 

1, 75 

c, 42 
m. 23 

dp 49 
nip 33 

Pern cub. 

A, 43 

O, 40 

a, 43 

dp 53 

o, 68 

PtBCIS, 

A G 
l f 91 

b p 7 

oi 32 

d t 41 

a*AlTTAItlU*, 

A, 60 

b, 59 

Op 63 

d p 43 

$CORPlUL 

A, 3 

K l 

a 1 , IS 

o a p 13 

SENMCNA, 

AMI 

A* 35 

bp 36 

e, 60 

TAURUS. 

A 1 ,37 

M39 

bp T9 

c ( 90 


4 106 

to, 104 
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la thh Atlu, Jhnmatcflij miinbfls-* in used ia preference to Enmui lattare, t!6« ihs former gmwillj follow Em wh emttlktjM In 
order trf flight Aueaiun, *nd tbu» the piers* uf die auailHrai iter* ere the more ceellj- found. But, ee the letter* ere iwiut Limr.* aeed 
(ogaetaDeOj in die ftelia Certa), the ebon- Lebl* tie* bees jrapertd m «o »ii to die ipwdj Meniiiia Llnu of Lite iter, 








GALACTIC COORDINATED 


Mn. 


Definition of the new ii9S9! I.A.IL system Of Galactic Coordinates. At the Dublin General Assembly ul i ho 
International Antnuniruavt Union in lltoa. Sub-(/ommi*ritm 33b wo* appointed *'to instigate the flwiirahility of a renrirm 
of thfl galactic po!c t atid of the wro of galactic longitude. 11 At the Mw:ow General Anaubly in llJntf, ilio cunchujmis and 
rooommetihdfttjQn^ of this Sub-LkiiwniwiiMi were reported uruf difciwal, and Conwtiaahm 33b wpia suthoritfnd to deli in* tlm mart 
Tuiura of tba couriittstes of the polo and of tLiu Eun> of longitude. 

Oonimiaaion 33b bn* now defined the following Talmas of the relevant quantitk* :— 

{1) The new north galactic pole Ices in tho dinaction 

Q =12H9" 3-+27'.+ (equinox 1960,0). 

(2) The now aero of longitude h the great semi-circle origkiAtmiJ at the new north galactic potaat the position augl* 


123’ with respect to the equatorial pole for 19S0.0. 

{3} Longitude inurenaiw from O' to 9W. The sense iaaueb that* oil the galactic equator, morwainp galactic longitude 
uoireapoaulfi to iucTBasing right ucensum. Latitude increases from -SKI 1 through G* to +-&0* at the new north 
galactic polo. The system is therefore similar to the OkUnou ay stem of coordinated. 

The above quantities arc to bo regarded on os act ao that the new galactic coordinates nmy lie computed to any dnsinhl 
accuracy in terms of right ascension and declination for the equinox iSJ&G.Et 

Other Useful Values (restricted accuracy.-. The quantities which follow have been «nupUtad from the definition but are 
given only to an accuracy of the neanrat integer in thn East digit, 

(o') TllC l&OO.Q valiice ccrrasponding to those itl the definition. 

New Pel« a = me* 6 \ 

+ 97 * 40 ' \ 10000 

New Longitude Zero at position angle B = 123\04* (1900,0) 


(to) The old galactic eonrdiMtei? of the new pole. 

ji^347 d .t, b*-+erii. 


(u) Poritfoti of the paint of stem longitude and latitude (new ay*t*m) H ]u«{>, b T '=Q, 
In equatorial eoordi nates 

U= 17*^3, £=-28*54' (1900.0). 
u=i7M2“4, a--m^ (1950.0), 


In eld galactic coordinates 

]*-337*.6& f b'=-r.40. 

Nomenclature. At the Moscow Assembly it wm decided that the symbol* t, h should bo retained for gM-w-tir longitude 
and latitude rtapeetivgly, Ccmmkriuti 33L auggeata, that, during the transition ptriud, the ^yroWlu I 1 , Id ihauJd h* used lor the 
old avatunj and ] [l , h ,] for the now one. The Omnmiaaicn nine strongly n^uc,mends that, apurf, from thtjsu superscript*, it should 
ho mode quite clear whether dm galsetiu ci.mhliiia.toB lined iti any publication are baaed on the old or the new system- 

Basis for choice of new system. The new .-system is intended to be oriented, os dowdy ius is now pmid.icable, m that, 
the pule in parpeftdiruLBr to the mean plane d tho Gaf&jcy and the circle of iem lotimtoda |»om-w& through the galactic centre, 
Thu pnle position wa% W&ral primarily cm the distribution r>r neutral hydrogen in the inner parts of the Galaxy (ft < 7 kpc, 
awmrainu K 4 .jil = 8.2 kpc) i the rooat precise evidence on the galactic centre cuttic from the Inwttion of the radio «un» 
Sagittarius A! which U pn-suinwi to he the galactic tmdeua It remaine a prohlom fur future investigation to determine to 
wliat oxteut mtnw oiant iToaitiona of the layer of neutral hytlro^ii and the galactic nucleon doviatc Jrom the quacthiM adopted 
for the present fuviakm. However, it may I»p Pipetted that these deriatiunB Jm: small and will not give rise to further mvlniuljn 
of the galactic coordinate syMtetii in the near future. 

The now method ofcpseffiwtintt of the arm nf longitude in terms of Its jK^ttion angle haa boun choacu beoiuae line angle 
is c»ne of tlm quontitiwi usad directly in eanvorHbn formula? frriui eqiiatnria] to Ealicbie coordinate*, 

The equatorial plane of tho now cccrdlnate system must of necessity pawl timough the Sun, It is a fortunate rirocimutatkce 
that, within tlm oWrratioml uo-^rtainty, Imth the Sian and Sagittarilla A liu Ih tha mean pLaoe oF tho Galaxy M dcteruiiotsl 
from the hydrogen ohnarvotkrtMt If the Sun had not been so placed^ points in the mean plane wwold not Ho on the galactic 
M^uHUvr. 

Convoraion Tables. In asconlanre With a dpcEniem takoci at tho MutfUxiW AwSUfflbly, eouvenutm tableft from i-qmitrrrijd 
into galactic coonittiateu and vic^ vniHa, ami from the old and new galactic eoordiunU! ayateuiH into each other, are being 
published under the sujjutv isiu il of Cominkiioti 33b. 


Mote regarding the fallowing Haps- The iwo Galactic Charts mid alt Gftlfwtio rtferuTi'™ on tho other maps in this 
edition ans basOd on tho prc-iOfiFk iiYHtom, aH they Hiui hoen raprintwl only a wetik print to tho MiJefe’OW snuouueflUietnt of the 
im|»jhding than go of fcu^isc In any <»**, th& uuyor chang^N that would fie involved in their Ali&ratiim to the now system rinild 
not have Wfi mode At abort notinfl. 









STAR CHARTS 


ABBREVIATIONS AND EXPLANATIONS. 


Small Crosses{+)indicate the points of intereectiun of lines at intermediate SO minatM of SLA. fend B* of 
UBQ$lllft&iWX 

Marginal Division!! in H.A denote 5 minute* of aiduhal time* md in Declination 1*. 

f (sin&lL to a star) danotas variability, A variable iur whim* re&ebw tttb magnitude or less at its nuninram 

bHgl.ltUCflfli in m 11 -pLmn.S by a flinulL circle enly, 

II or Ru (amall, to a star). A red, orange, or yellow atar. In the nan of E-B red ■t-™ t Afaft letter R is not 
added u thn letter* EB are i sufficient indication of the colour 

Numb or only (to a star). Tb* number in FUmatoed'i C&Ulogufl Britennkus. 

Number underlined {to a ft**}, a*., G*. Thu boar number In Huai 1 * Catalogon. 

Creek or Roman Letter (to a flt*r% The letter luffliguud by Bayer in 1603, and. nine® Bayer's time, by 
Lac*t)le and Gould iu noutlitini ttmiteiUtiori*. 

Number only (to * nebula). The number given in the N.O.C., vit, the New Genorel Catalog. being tb* 
Geoerel Catalogue of Nebula? by Sir John Herechal u »n«d and anUr^td by Dreysr (1*86). 

iumhor with small number to the rl ff ht (to * nebula! Sir William Bumhefr natnWif and tbe das™ 
into which ha dividad the D^bulaL Thus, 37* — HIV 37, 


The** das turn are:— 

L Bright nebofo 
II Faint nebula). 

Ill. Very hint wWl® 
JV + Planetary oobulie. 


V, Very large nebulas. 

Yl. Very wmiiressod and riah oluatere of star®, 
YIL Comprwmd uluatnra of Hindi and large atari. 
VIII Coarsely scattered aiiiatara of Ham. 


Abbreviations of the Nainas of Observers, gonemlly followed 
by the current number from their Catalogues. 


A- 

Aitkon, R 0 

Ar. 

Argelaudcr! F, W. A. 

A. C. 

Clark, Alvan. 

Bar. 

Barnard, E E. 

Brcu 

Sri* bane, % 

Cor 

Co Ho bn Ob*. 

Cp. 

Capo Ob«, 

Ea 

Eapln, T.iR 

E-a 

Esptu -Blnninghain. 

a 

flerwtoil, Sir Willtm 

tL 

Eareohal, Sir John. 

Ub. 

J. Herechtd'e (Jatalogeo of W, H.'a 


double atar*. 

h<l 

Huw*, H. A, 

Htl 

Euldori, B. a 

H®. 

Hough, G. W + 

Hrg, 

llargraaTB^, J. 

Ha 

Hussey, W. J. 

L 

Lnnoa, HT.i 

Ji 

Janoh, w. a 


_L_ lAcaiila, If. U da 

LL Inlands, J, J. dt 

Lt. Leavenworth, F* P. 

M. Messier, CL 

HeL MothOiime Ohs, 

K RiuhII, n. a 

Knife. Riiniktr, CL L. 0, 

a South, J. 

S®. Santiago 0U, 

Sir. bollorw, 

TJ. A, Uranoowtria Argentina, 

Wbc. Winnocfco. 

j3 Rnm hivtn , S. W. 

A Dunlop, J. 

X Lowell Ohs,, Boa, 

05 Sun™, Otto. 

023 ]*utfeora Catalogue. Part H 

Z BtruVu, F. G, W. 

t Pulton Oba Appendix, VoL UL 





Interesting Objects. Maps 1 & 2. in. ** ©o- d.cj 

{Cl ItOU M POLAR, NdRTM). 


Double Stars. 
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Oold and green, 
j fired. 

| Faint coma* to il at 14*'B difltftrioa. 

Optical pair; t£ diminishing frmn ®,wr, of A, 

-Jio. nor. 

Relatively fixed. Rich neighbourhood. 
Triple, Ho relative metiau. 

Palo yellow and like. Relatively G*ed. 

Comr.§ double, m,9 r 5i F.A. 2M‘i (£.3' l '-0. 
Splendid gold and bloc. Relatively Used. 
Binary. 

Biiior^! F 63y. rf.0'' 4 T 1903; vidcit abt, 1935, 
Triple atar. Fine object in idnah. 

F t A. deepeaaing. 

Relatively fixed. c.p.m. 

Relatively fixed. 

Orange and bEae, 
lucru&Mbg F A. 

BJuiflh couvur, Relatively fixed, 

3'3 mag. Is a spectroscopic binary, Relatively 

. [find. 

Physical pair* F.A. ilowly diwmadng. 

Little relative motion* Probably a ilow binary. 
Relatively fixed. 

Relatively fixed, H. of *. 

F.A. slowly dadfaoaing. 

Binary : orbit doubtful. Teat for 2-muh. 

A Gdc object. Start yellow and bine, c.p.nv 
Hear ^ Druania. 
light-test for 3 in* telescope. 
laitLg period hlnary. 

Relatively fixed, 

Binary, period 111 yean. 

Yellow and lilac. ajMn. 

Relatively fixed. 

F.A. inenjaaing slowly. 

Little change. 

Pleasing contrast. 
j p .d, decreasing slowly. 

Relatively fixed* 

Relatively fixed. 

Binary, Decreoaia g F A. 

ReSati vely fixed. 

Ho change. 

Binary* period 72 y. Widening fa IflGO. 
Relatively fixed. 

Paid™,, the N, Pole star*. A well-known teal 
Little change, if any. 4* ti slightly p (. 



























INTERESTING OBJECTS. MAPS 1 & 2 - Canffri«tm. 

(CirCumpqlah, North), 


Variable Stars. 

Epoch IBSQl 


RZ Cassiopeia: 

It A, 

2 ft U4* 

Ike, 

+ 69*26' 

Var, of hi (if. 

S'4-7'8 

SpBotnun 

A 

r*ri<4 
l i9 days 

Algol type. 

&V „ 

3 47-6 

+ 68 41 

6-0-6-3 

F5 

' I 95 „ 

CopLcid type. 

T Cephsi 

21 e-a 

+68 vt 

B'6-9 5 

M# 

391 „ 

Long period variable. 

V 

23 64 0 

+ 83 55 

H-M 

A 

360 „ 

» » 

E Ursic Maj-oris 

10 41-2 

+ 69 3 

0-0-13 0 

Me 

398 i, 

*1 1! 


Nova* 

Neva 1672 Cassi>p«®, 0* 22" 0 t + 63’ R-T. 

TJia n&w «t*r Brat seen by Tychu Brahe on Not, 11, 1573. when it w*s brighter than Jupiter, then in opposition 
nnd near perihelion. It soon became bu» bright as Venus, and was seen by some even In broad daylight. At the 
end of the month, it began to fade gradual|y, and underwent a HuccEsaian of ahuilgea in colour—white, ypJWwioh, 
ruddy, and finally leaden. At length, in March 1574, it ceased to be visible. Tyeho h a tosiraments were too trmgh 
lor him to determine its place with great accuracy* sc that it is uncertain whether one of two faint stars, near the 
position that ba gave, is identical With the 1 N 0 VS. 


Nebula? and Clusters. m*p* i *) fBWetfmaiA^ w &**<,/a* y.o.a) 


m H.Viil TdCasmup ^itr -e, +trsr. 
601, M103, M I* 29" 8, + 60’ 36'. 

663 , H.YI 31 , t lM 2 *- 5 ,+er O'. 

T 6 H if 52 , „ 2 J 11 22 m - 0 , + 6 i* 13 '* 


A Rue cluster, somewhat W shaped, Half way from y to a. 
Beautiful field IV and slightly N.of 5- contains 2131 anrl a red star. 
A fibo apon duster, visible in finder. Include* SI53, 

Irregular duster about 20'dlam., containing an orange star. 


6543, H.1V37, Draconii, 17 b Sfi™ -0, +66'33'. Planetary nebula. A. remarkable object: very bright oval disc like 

a star oat of focus, with a control 9" r G star. Bluish ; nearly at 
the N. Polo of the Ecliptic. 


3031, Mil, lira M^ori*, 9*61“ 5, + 69*18*. 


3034, M 82, 


9*61-81, +69* 68'. 


6322, ELI 266 


I3 h 47" 9 S +60’ 25'. 


Bright, with almost stellar nucleus grmiped with small stare: SpirsJ, 
with rather faint arms. 

A narrow curved ray 7 H x 1 ' t 6, with rifta. Really o Spiral seen almost 
edgewise. Within |* of MB1, which is included with a very low 
power. 

A bright, roundish nebula, with a brighter central part. 


* Ft ilciriM. Easily found by the Poiaitn (sand 0 TTns® MajA 1* from the N. Celestial Pole in I3GQ; nearest In saafi, witnin ss\ 
It is easy with i| inch ; companion bluish The large Star is a spocteawoplc binary and slightly variable 










Interesting Objects, Maps 3 & 4> 

OLA. XXII Hnfi. TO II* Kh& Dec. GO N. to eo*&J, 


Double Stars* 


Epoch 4950. 
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Binary. Period 124 yearn. n.p,tf. 

Gold and blue. Magnifier.'tit object. 

Very doge binary, P. 55y r Clcaing till 1045, 
Binary. {Widest G"*, 107L 

No appreciable change. 

Binary. PM. increasing, distance decreasing. 

Little db tinge. 

Binary. 

P-A. slowly increasing, distance diminishing, 
Slow binary. P.A. and d. decnsaaitig, Ted for 
Relatively fixed. Yellowish and blue. [Jin, 
SItrw retmgrad e motion ; ineressing dLaUncD. 

Test for 2-in. telescope. 

Beautiful fixed pair. Fine for small telescope. 

Binary. Increasing P.A. 

Biliary of loop period, 500 ± year*. 

No change. Grand low power field. 

Yellow anti blue: A is variable, see footnote. 

Direct angular movement. 

€.p.m. 

Binary, period 210 years. Distance increasing, 

P.A. increasing. 

Little change. 

Relatively filed. White and blue. 

Multiple sy stem 5 diatnni stare m ags. 10 and 11. 

Optical. Distance increasing from p.tn. 

Long period binary, P.A. slowly decreasing. 

B has 11 mag. come « at 2" -0 distance. 

P.A. and distance slowly dccreaiitig,. 

Little change 

Binary, with orbit in line of eight Widening, 
P.A. slowly dcoreeain g. [/*. abt I 50 yrs. 

Close double PM. increasing. 

Relatively fixed. 

PM- increasing. 

Binary. 1 \jL decreasing. lltb msg,atarst57'\ 
Lillie change, A ie variable. [1920. 

Relatively filed. 

Relatively fiaed. 

Orange and blua, Relatively fixed. 

Little change. 

Relatively fixed. [Teat for 2-In, 

Pale green and blue: P.A. and d. diminishing. 

Relatively fixed, 

PM, slowly decreasing. 

Relatively fixed. 



















Interesting Objects* Maps 3 & 4- continued . 

(ft.A. XXII. Hftfl, TO II. Krb. Oec. 60’ N. TO &D 


Variable Stars. 


Epoch IB BO. 
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3 37 M 
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Irregular type. 

P 

Peguf 
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+ 27 
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3 3 - 2'7 

| VU 

... 

... *„ 

R 

ScuEpturis 

1 

24“ 

- 32 

49 

, 6'2-8-S 

1 K 

37 6 days 

i Long period variable. 


Nebula? and Clusters. (Wopa 3 and 4) av, «rr iaba? g/tA* y.o.c.) 

2£4, M31 Amjrvin^s, G* 40'“ 0 t +41" O', The ‘Great Nebula in Andromeda , 1 visible m ahm spot Le tbe naked 

*y«. Long, oval, and brightening to ward 9 the centra, with utmost 
star-like nucleus; photos by the 100 -in, telescope ranotve the 
a Liter parte into stsra. Assuming 1 red-ah i ft * *s due to velocity, 
like all other ultra galactic nebulas’ it is receding, though ap- 
pure tally approaching owing to the Galactic natation. I'i-rimco 
appro*. 1,600,000 light-years: it is the nearest Spiral except M 33 
ta Triangulum, which is probably rather nearer, 

7662, H.rV 18, Andretti. S^lP'i, +42" 12', A remarkably bright* slightly elliptical, planetary nebula, 33" x 23" 

bluish. With a low power almost *tarijkc ; in a 10-in. telescope 
the dusky centre make* it annular. A H wag, nucleus 14 visible 
in very Large Ldoscapes, and clear iti photographa. 

467 r H.YIT iSCusbp,, lMG^-O, + 58" S'. A condensed dual at of moderately bright, stars 18' in diameter. 

Attending^, which is, howaver, probably much nearer u& lEjuu in 
the duster. 

7T89, H.YI 30 „ 23 i 5i in, 5, +56* 3G r , Between p and <r. A large cluster of very faint stars. 

7243, H.YIII 75 t-axer. 22 b I3*‘] r +49"38'. A fine, open, irregular alnaior, followed by a beautiful field, 

6&0, M76, Pctmi, ... 1^38“ *3, +51" 20*. A double unbuilt, like the 4 Lamb-bell Nebula' in VnlpecuEa{Map 13), 

but much smaller. It i* a graoouB nebula, and therefore belongs 
to our System. 

&9$, M33, Triangnli, l t 31 n,j 0 I +30" 34'. Vary large, faint, ill-defined nebula: central portions the brightest j 

irregular Tiodoeities give it a curdled appearance. Use very low 
power a dark, clear night, Spiral Ln photograph* 


, * * Ctpbi This itmr is typical of Class TV, -hurt- period Cophejd variablaa Its magnitude varfas from about 3 -Q to 4 3 
frangH 07 mag.), and its ponod la 6-37 day*. Ha rise from minimum to maximum occur* in about 11 daja, and is. thnmfqm 
more rapid than ita dmline, which owupioa about 4 day a, *3 id ia not uniform, but subject to alight owillationa. Thaw ufaangm 
are repeated with great regularity. The variations are thought to bo duo to pulsation* in the atmosphere of the star, hut die 
came of the variability is still in doubt. 











INTERESTING OBJECTS. MAPS 5 & 6. 

<R_A. E|. Hits. to VI. Hna. Dec. GQ’N. to SO'SJ. 
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Restively fixed, 

White and blqe. Relatively fixed. 

Tbcre fs a 10 S [Dug. star at 110*; d. 2&"ft915J. 
Trat for 3-lnch telescope. 

Trip]*, 

P.A. very slowly tficrmninj!*. 

U muff. eUr at ir*l dEotaaeeu 
Test for 4 inch telescope. 


Belitivelj fixed 

Yellow and bln*. Relatively fixed, fl.p,™.,. 

37 mag* star yellowish. Litil* relative more- 

[menu 

Very alow in crease of P.A. 

Little change. 

The 5*0 star is a dose doubly 0" 0 (1920J. 
f*.A. slowly increasing. 

Topiu and green. Tine contrast. 

Little change. 

Relatively fixed. 

Relatively fired. 

Yellowish and blaiib. Relatively fixed. 

P.A. increasing. 

Fine field. 

No change. Other & tars in field. 

Eiffel, The attendant ia bluish. Teat for 2. in, 
J*,A r alowlj decreasing. Test for 4-inch. 

Relatively 0*«L 

Kolatindy fixed. 

Relatively fised. Very fin* region. 

The Trapezium in Orion, Two other stars a 
Relatively foed. NebuloaBgiaw, [test for 4-in. 
Fine group »■ ith striking col ours. 8 sura in 44n. 
P.A. slowly iucrcjumg. Test for 2-inch. 

Test for 3-incb telescope. 

Yellow end blue* Several faint comitta. 
Closely/ IfiRersei. Tube for 3-inch, 


Relatively fixed. 

Slow change Prohably a binary. 

Relatively fixed, 

A/fftfoirom Distance increasing fromp.nk of A. 
i\A. deoreasing; distance increasing slowly. 
P-A, very siowEy increasing. 

Yellow and bine. Fine pair. 



























Interesting Objects, Maps 5 & 6 — Con f/nuod. 

{R,A. II. Hltft TO VL Hhq. Ott 60 ’Pi, TO 60 ’SJ. 


Variable Stars. 
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Spectrum 1 

' Period 

Nuts* 

F6p 

2714 yre. 

Spectnoscopie Binary. 

Mu 

331 day* 

AfiVu, Ivrjng period variable,* 

N 

430 „ 

Hind 1 * 'Crimson Star, 1 

Ml 


J0c£d^gu« + Irregular variable.t 

Me 

374 tj ays 

Long period variable. 

M2 


Irregular variable. 

m 

2-8? days 

Afyal. Tim typical AlgoUd.t 

B3 

3 9 „ 

Algol eclipsing- type. 

Me 

1 £70 „ 

Long period variably 


Nebula and Ousters, 

1912, M38, Auriga, 5 b 25» 3, 

l«O t M30, lt 
2090, MS7 r „ 5M9»-0 f 

1068, M77 t Ceti, 2 h 4Q“ l, 

1970, M42, OrioniB, P 1 32” 5, 


+ 34-n 
+ 32" 33'. 

- QMS'. 

- 5*25'. 


*G0 t H.YI 33, Pwwi, t 1 1T“ -2* + 56' S3'. 
884, H, VI 34, „ 3*20“-4, 

1030,1134, ,* 9*38*-3, 


(Maps S and 0) (J/nitiUrtd Not. or* lhou of tht N.&C.} 

■(-30' 13'. A a trikin g n lows, cruciform cluster, in h glorious neigh botu-bood. 

Ad open counter of stars of mag..8-14, regularly arranged. 3*/^ Aurigw. 
Fine open cluster Ruddy 9th magnitude star near the centre. 

*10*11, round, falnti&h uebube, centrally condensed. l'f&, slightly S„ 
The 0 real Nebula in Orion, visible to the naked eye as 0 Orion U. 
A grwniah, irregular, fan-afcapad hjjus, beat aeen with alow power. 
With higher power*, the bright "Huygeuiaa' region sliowa a 
mottled appearance 'like the breaking up of & mackerel eky r 
(Sir J, Henrchel). Includes the ‘Traperuam * (&eo previous page). 

} > Two magnificent clutters, visible to the naked eye, and fine objecta 
aren in small telescope*; tha diameter of each ia about 45'. 
Thera !■ a fine ruby star near the centre of *84, 

+ 43*3?'* A fine loose duster, just risible to tha naked eye] it cod tains the 
double star 0X44, A tow power Lh required to cover the largo Bold, 


1435, Tau*, 3M3 n, -2., +23*37', Faint nebula, near Mtroy,A in thu Pleiades—n daster which requires 

a Tory large field; well seen in finder, Ordinary eyes see six or 
arven stars, but some can count many more, 

19&2, Ml, Tauri, 6^31“ 'fi, +31' W* The 1 Crab Nebula, 11 near a faint, oval, gaseous nebula. Its serrated 

outlino U visible only in large msmunenta, Discovered 1731, 
and forgotten ; its rediscovery by Mawier In 1758, led him to 
make his catalogue of 103 nebule. 


■ jWini. 1 Tbs Wotiriarful." L w»»ad as a di« star For a Few weeks by Fuhrieiui Eu 3£Gfl r and by Rater Id 1*03, who eatafngueri it ai 
t Orti. It ii ioT-Luble otwpl in a icliaicupr- for about & quaiHt, staking to a minimum ,sF i'5 In p-& mu;-;. Limn it beautnc™ viiibta Lu ibn uaird 
rye for about i mouths, riling at maximum usually to 3rd or 4lJi mag., but lumoUtnai to &th or 2nd m*g. Its rise Is more rwpld t h ^M in 
fall, At maximum tha light taenssws suine 1400 time*, apparently m the result of oulhunita of hydrcgvn goi, Jlleui period S3Q days, with 
targe wrisiicti*. 

+ Bculyeuit ;i aba of the rtxlilraa nf the bright ebarv It> angular diaiustor, mw-urtil by the iul.crfen.tiieLrtr with tha HHJ-in. to'ewcnpp, 
i* about giving an aetunl diameter ot about 800.000,000 tailas-laiiget fttmugh to include M-ily the whole orbit of Ltw nartk Siticr 

the immures vary, it appear* that pulsatory changes in the star's diameter may be connected with its variability, HetelgetMc (lu a iqclau 
dedslLy nbouL I biffhouth that of waLtr or tlrat of olf. 

f AJffof, Its name, ‘The Demon Star-/ auggciLii that it* variability Was known to the Araba renturHss ago. Jt ja typical of the 1 dark- 
eeli^itiit' variables, lla magnitude for about 2d. lib Li substantially eofistuat. at 2*3, but with a alight aefomtary fall and rise, n { / n ill^, 
at bah-way ; it than docmawa rapidly to nug, 3’S in about 5 hour*, and in another & hours regains ita original brightness. Ivrimi ^tnit 
«S biiun. The change tif light £■ due Lu twu slar* hso* bright, tlm nlher faint, very eU»e icgetLsr, ravolring rouini their common omtr* of 
gravity, end mutually eclipsing each other. A third star is included in tba syatam. 












Interesting Objects. Maps 7&8. 

£R*A. VI. Hm, to Kata. Dio, eO N. to 60 ' 8 J. 
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Koim 

Relatively flx#d, 

Rd*-t3 ■Tely fixed. tjp, m. 

ReUlively fixed, 

i Bin ary t J*. 60 yean. Widest l'*l in 1860. 

* Third star 0-5 mag. at 5"-4 distance. 

. ikwlj in^resaing-. d, eoiwtant. 

Little change. 

Yellow and blue; fine contrast Nfl change. 
PM> slowly decreasing. Teat for 4-inch, 
Relatively fixed. 

Relatively flied, 

Strim, The Dog Star. Wideat 11"-5 In 1975,* 
Yellow and blue. Little change. 

EeUtirdj EaetL 

2I '2 mag. star at 21” dietaries. 

Yellow and blue. No change. 

PM. decreasing. Iti cmas* in distance. 
Relatively ELced, Light test for 3-Inch, 

3-2 mag. ntar is yellowwh. Tost for 2-inch. 
Cantor. Vary fine object t 
Relatively fixed. Delicate pair, 

1* np & Hjdrs. Relatively fixed. 

P.A . increasing. A a ctoeo 1 5 year binary. 
Distance decreasing. Light test for 3-inch. 

Close binary. Period 117 yeans, 
light test for 4-Lacli toluseopo. 


Dirts t movement. Orbit doubtful. 

5 2 and 6*1 form a binary; very long period* 
Relatively Fixed. [retrograde. Test for 3-in. 
Light tc-jut for 3-inch tslmmojik 
PM. d aa reusing. 

Yellow and blue. Grand low power field. 
BeautiM fixed triple XEar, 

Binaiy. Direct movement;,. 

Relatively fixed. 

PM diminishing slowly. Teat for 3-inch. 

PM increasing, d. decreasing. Teat for 4-in, 
Binary. Period 1 13| years. 

10th mag. star at G9" d. tnakea with A., b4135. 
Fine contrast in ooloora. 

PM. slowly increasing. 

Binary. Period 34 years. 

PM. slowly increasing. 























Inter esti nq O bj ects, 

(FI.A. VI, Hits, to X, Hr#. 


Maps 7 & 8 — CQftdnwod, 

Deo. SO*Nr TO 60 &}- 


Variable Stars. 

EPOOH 1350, 
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NebvUe and Cllt£ters» (Maps 7 and 8) Nc*, ar* fcbOM *fik« £t.Q.Q>) 

2S3-2, Mil, Cucri, 6 b 37“ J 2* +20' 10*. Fr&sspi (the Beehive) of tbe «Wfteot«, A largo scattered clueter 

almost resolved by the naked eye; contains acme orange -tiara, 
Beat imu in finder, or with very low power, 

26S2, MOT n S*4B» 5,+13* O', A roughly circular, open duster of faint stnra, dfea* 3T\ low 

power objects 

&2S7 M41, Caais M*}., 9 b 44“'t 1 , — 20* 4.2\ A fine open duster of bright star* in curves. Juot visible to the 

naked eye, Thera ia a ruddy star near the centra. 

216S, M33, Gemumnnn, 6 1 6*'* 7, + 24' 31*. Fine opeo cluster of bright iters in ttrouzu, with many fainter atari 

Between * Ceminornm sud £ Tattri, a little to N. 

2S&2, K.IY 45 „ 7* 26**2, +31* T, Oral planetary nebula, about 25" in diameter, with 2 5 mag. central 

star. 

2244, ILVII 2, HcnoCEf. fi^GP-O, + 4' 54'. Beautiful open, duster of 7th to I4lh mag. atari?, visible to the naked 

eye. Includes the Gth mag. r giant' yellow star 13 Monocerotis, 
probably nearer than the cluster. 

250S H.Vf 37 *, T h 67 m 'B, - 10* SF. Pine cloud of faint stars, mag. 10 downwards in grand regions Beet 

seen with low power, 

2437, M4 6 Peppdo, 7 s 39“ 5, -14*42'. A beautiful due ter of bed all stars, about 30* in diameter. On its 

northern edg* is the irregular planetary ring nebula 2439. 

2410, 1I.IV 04 ,, 7 h 32™ - IB' A bright, bluieh, planetary nebula, in a rich neighbourhood, best seen 

with & moderately high powe r. A 10th mag. ruddy a tar follows, 


• Sirin i. 1’hfl brightest tfnr. Bat wmq 1834 and tSH, Ikwaal htffld that it wavy invgulaTEtm in Lti proper motion, mil ismbc lo 
ihv eoftd'jjLnn tint# tb* vLiibla afcar mint hi revolving round tLe can-Lra of gravity of itself,. *od wo Lti vUitJt wupaoion lUr, in a period of 
*lKHiT M year#, Tb« *w?, of akKUit Gab magnitude, mi durcq-wrpJ by Cbarlt J® 1682 near its p re-Llc ted plaw. f nl*s<.atateftpbaft*con¬ 
dition ora £oud, h ip or hnpowble, to k« it ov™ wlwi widart., though it ia wmTtimo* viwbEs in a 6-inch telescope. La 1EG4, whau 

C 1 _■ ■ .ubeut 2 ‘'J tbc J*Int alar ww in+WWa. H wu Adi assn. bj burn bam in 1838 [d, #"' 8 :, and widened to Its massiuni ribtueeuf 

11 "+ a bo 1411 S 25 . It i« now (LSSlfl} rapidly cloaing, and from 19441 to ifliO will ba inviaibl* in all virapt the larput telewepe*, T 610 rewtri 
i, n 1 while dwarf' (Sparirutit about BTj, only about i/10,000th u bright aa it* primary, but with a hjmi ] m gM* 1 , Tta dentity !■ 3fl,0fl0 
t4®m ihat of the Sun, or 80,000 tints* that nf wal«r. lu diameter ii only about 28,000 toUc*. but it tjotitaitM aJmnat u much matteraa 
the Sun, wbsv diameter it 581,000 vltaa, VyuoLiky (1030) obtabarl diffartmt taitlsi, a noe&n magnitude nf J'l,a diicurler nf <8,000 mifea, 
ri r danuty mily l nf that uiuaily adapted. 

t tbitor. A Tiny S»a doohls and binary *t*r, in »Jpw rrtrapped* motion, with a periwl of about SfiO yean. Tlie com jKmmt *t*n 
ware at tbrir widr*t dLatanae apart, S N, $, about 14G0 : liiry on* now cioring usd will ciituiutie to do m fur inma yiwu. Doth of the atari are 
lpetftruocuylii Idumea, wi th periuda of about 3 and t doyi rsapcctlTrly. A third faint atar, aiaa a cJoae binary, forma part of the aama ayatenL 












Interesting Objects, Maps 9 & 10, 

X. Hrsl to XIV, Hit a. Dec. &O t N. to fiO&.i, 


Double Stars. 


EPOCH 13 SOL 





ft. A. 

Itot 

M*g?. 

II fi A - 

UJit 

Date 

l 

BoOtia 

13 h 3S“3 

+ 20 

* 12' 

0 2, 

9 1 

140* 

4"') 

’.IflSfi 

T1GGG 

CartirmVen 

j 12 

8 3 

+ 40 

10 

S3, 

7-0 

323' 

rt 

1:1935 

2 

it 

12 

13 8 

+ 40 

5G 

fi’7 f 

8-0 

260' 

lr-s 

• ~1BSA 

=, 10 

?r 

13 

53 T 

+ 38 

55 

3-2, 

6-7 

228* 

ir? 

1936 

2B 

u 

13 

36 2 

+ 33 

33 

5’7* 

7*6 

119* 

r-c 

1938 

hiiflfi 

C entail ii 

11 

50 

-42 

22 

5 4. 

8-5 

267' 

r-9 

mo 

I 78 

„ 

11 

31-2 

-40 

19 

6 3, 

63 

94* 

1'0 

j 1037 

D 

ii 

12 

11-1 

-45 

27 

5 3, 

G’5 

24S* 

2™D 

:ma 

7 

ii 

12 

38-8 

-48 

41 

Sit 

3 1 

33* 

0"5 

r!93S 

Q 

n 

18 

38-fi 

-54 

IS 

5i t 

6-8 

164* 

F-2 

lieu 

K 

i* 

J3 

48'8 

-53 

34 

57, 

77 

288* 

lS'-l 

; 1919 

k 

it 

13 

48-9 

-32 

45 

4S* 

6-9 

no* 


11923 

h 

M 

13 

SO-3 

-31 

41 

1 4-8 ( 

63 

186' 

15 W I 

1919 

7 

I* 

13 

506 

-35 

25 

56, 

6’B 

102* 

r-a 

|10f7 

2 

Coma* Bcr. 

12 

1-7 

+ 21 

44 

so, 

75 

237* 

\ 

! 1024 

Y1639 

i* 

12 

21 9 

+ 25 

52 


7-9 

332* 

: 0--9 

; 1937 

U 

„ 

12 

32 e 

+ 18 

39 

4-7, 

G 2 

271- 

sr-i 

i lass 

3D 


13 

50'8 

+ 21 

31 

5-0, 

7-8 

118* 

ty-9 

! 1937 

i 

092 0 

Cnrri 

12 

13-2 

-23 

4 

G-n a 

7 8 

295* 

r-s 

;ms 

3 

ji 

12 

27-3 

-16 

15 

3 0, 

8-5 

212* 

24'-2 

■ms 

£1889 

u 

12 

38 T 

-IS 

44 

61, 

e-s 

3Q6* 

5 H -4 

\ 1936 

P 

Crudi 

12 

61? 

-68 

54 

4 "6, 

6-5 

17* 

3 r-o 

1613 

N 

Hydne 

11 

29’8 

-28 

59 

5*8, 

5*9 

210* 

: r -1 

[me 

P 

*i 

It 

&04 

”33 

33 

44, 

4 fl 

353* 

r-s 

heal 

OT 21 5 Leonb 

10 

13-5 

+ 17 

59 

TO, 

7-2 

103* 

n 

:193S 

7 

H 

10 

17-2 

+ 20 

6 

24, 

3-fi 

119* 

r-o 

;I934 

49 

IT 

10 

325 

+ e 

55 

60, 

8 7 

158’ 

T’i 

1623 

84 

it 

10 

620 

+ 25 

1 

5-0, 

TO 

108* 

6"3 

■ 1&S4 

i 

B 

11 

21 3 

+ 10 

48 

39, 

7’1 

16* 

O^T 

1937 

83 

it 

11 

343 

+ 3 

17 

1 6 3, 

7 3 

150* 

28"-0 

iiesi 

sa 

h 

11 

29 2 

+ 14 

39 

S’4, 

8-2 

sgr 

Wi 

11024 

90 

ii 

u 

32 1 

+ 17 

4 

60, 

T‘3 

209’ 

3"-4 

jiass 

35 

Sextantis 

10 

408 

+ 5 

1 

6T f 

7-2 

236* 

6' 4 

: 1623 

41 

it 

10 

*7 B 

- B 

38 

8-0, ] 

LI 7 

S06’ 

S7 w -3 

1936 

£ UiwMsJcrii 

11 

168 

+ 31 

50 

4*4, 

4-9 

292* 

r-s 

1937 

V 

H 

11 

16 8 

+ 33 

22 

37.10 1 

147* 

r-2 

1626 

57 

It 

n 

364 

+ 39 

37 

5 2, 

82 

r 

5”-5 

1624 

{ 

■ft 

13 

21 9 

+ 65 

11 

a 1, 

4-2 

150* 

14 W ’C 

1626 

* 

Velonim 

10 

298 

-44 

49 

6^ 

65 

219* 

ir 5 

1913 

P 

HI 

10 

44-fi 

-49 

9 

3 0, 

68 

se¬ 

VI 

1637 

21027 

Virginia 

12 

15-8 

- 3 

40 

5 9. 

6'4 

ise* 

10'-9 

1023 

IT 

H 

12 

200 

+ 5 

35 

G-3. 

9-0 

337* 

ir-6 

1923 

7 

it 

12 

39 1 

- 1 

10 

3-a, 

3-7 

317* 

6"7 

1038 

$ 

It 

13 

7-4 

* 5 

16 

4-0, 

9-0 

343* 

7"-2 

1921 

81 

- 

13 

35-0 

- 7 

37 

7 5, 

7 6 

40* 

r-fl 

1926 

84 

H 

13 

*06 

+ 3 

47 i 

5-8 f 

a-a 

230* 

3-3 

1924 

2178S 

1 * 1 

13 

52 4 

- 7 

49 U 

67, 

7 9 

83’ 

3'-l 

1617 


I Kd{« 

P.A- ilcwIjf dreraukg, 0tara bluinh 

P,A. decreasing, 

BeUtbelj fixed. 

Gor Garoli, EelAdittl? fixed. 

Binwy, period 220 jean, P.A. decreasing, 

P.A, slowly decreasing,. 

Little change 
Relatively fixed, 

Binaeji period SO year*. 

Relatively fixed. 

Relatively fixed* 

Little change. 

Relatively fixed. 

P.A, io creasing. 

Little change. 

Binary,, P, 361 y, Widening, P A. decreasing. 
YelW and grwnriah while. Relatively fixed. 
Lrag period binary, P.A. increasing. 

Pji, ia increasing. 

Relatively fixed, A ia yellow, 

Slow increase of P.A, 

Relatively fixed, 

e.p.m. 

P.A. slowly increasing. 

P.A. decreasing. 

Binary, P, 40? y, P.A. and dut&ncs Increasing, 
Little change. 

Slow increase of P.A. 

Binary of uncertain period. Closing. 
Relatively fixed. 

Yellow and Lilac, c.p-.m. 

9"Q magnitude xtar at 63‘' r distance. 

Little change. 

LUt4 change. 

Binary. P . 80 j. Closest, CT l 9 in 1083. Widen- 
Relatively fix&d. [ing to V 9, 1980, 

P.A. slowly decreasing, Comer variable 1 
Afizar. Naked eye pair with Aleor. 


Relatively fixed* 

Relatively fixed. 

A splendid binary star.* 

Test for 3-innb„ 10th in Ag. i tar at TI" distance. 
Relatively fixed. 

Test for 3 inch toJescnpe. 

Binary. F A, increasing, 

























Interesting Objects. Maps B & m - commum * 

{RiA, X. Hne. TO XIV* Hits. Dec- BO N. to BG’SA 


Variable Stars. 
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Nebula and Clusters* (Map* 9 And 10 ) (Unkamd Nm. est thou <?/ a* n.g.c.) 

i368, H.Y 43,C-ifiufti V., IS 11 16* '6, +47' 34'. A large pew-’shiiped nabuUj with mid nun In the southern purt. It 

is RctoaUja Spiral frith two main arena, and many condensations. 


6055, MGS „ 13* 13“ 6, + 43* IS'. A bright, oval nebula, a 3*, with central nucleus. An 8th mag. itar 

closely ptfcqilea, la photograph* it appear* na a -Spiral, with 
compact whork. 

5194, MM „ UJ^TT™ L 8,+47'27', Thu larger of two nebula nearly in contact. Spiral as seen in 

12-inch telescope. 

5273, M3 »* 13* 39® -3, + 28* 38*. A beautiful, bright, condensed globular du liter. The outer parte can 

be rttokod into stars with a 4-inch telescope, and the whole 
duster Ln a 6-inch, with high power. 


3372, A3Q9, Carte*, 


10* 43“ *0, -59'25'. The'Keyhole Nebula/ a diffused branching nebula round tj Argfl*. 

Qimdu, 


3532, A32S „ II* 4*“ 3, - 53' 24'. 

»!»,* Cemaaii, 13*23- 7, -47* S'* 

4501, MSS, Com* Bar., 12* 2 9- * +14* 4?, 
4565, H,V 24, „ 13*33- % +26' 16 r . 

4826, M54 „ 12'64»*A +21*57'. 

3242, H.IY 27 Hydras 10* 32“ 3, - IS' 23 r , 
3687, MW Una Majorii 11* +53' IT'. 


A magnificent cluster of stars from 8 th-12th magnitude, 

A noble globular cluster. Like a tailless comet, nearly 4th mag. to 
the naked aye- It is 30 f in diameter, aud contains tliuuiandB of 
12 th and 15th stag, ftam 

A long, bright nebula, 6^x2, with bright centre and condensations. 
Many nebula. 1 ! in this region. 

A much elongated nebula, 15' x I', with bright centre, and dark 
longitudinal centre streak. The largest edgewise Spiral. 

The * Black-eye Nebula.' A bright, aval nebula, with a dark central 
area of absorbing matter, visible in large telescopes. 

Planetary fttbaU, 40'' k 36"* with brighter inner ring. Pale blue 
tint 2* Ss of jll. 

The 'Owl Nebula' A Urge, faint planetary nebula, 3' in diameter. 
Large aperture, low power and clear night are required for 
a good view. 


* f Vir$ in i?. A 6 i?a Tnsii nr t sILtf with a period of about IS* yuan, Its orfci t E» Tcry frwcntriii. In 17SQ iia diit*n« <r« £"■ 7. {t d«**d 
up tsIK in 1534 AX iL a|ipe*rad single in *11 hot tin Great Poi-pat mfi'aotor $4'in. SpSrtiir*), which denoted tbu star. Hi* pair 

thee wide®*!, becoming an tr!« 0 np|d objaut. na,! rawbrnfl Itn widsit (4"‘2) shout 1D30. U is fit* f]Q99) ■Jowly dustiLg, *r.d will 
mgaEti appear iingia, in laifls iaxtrumBnti, about thfl ypur 2014. 

f q tVriwnr. It ir*«*e«n y & 4th magnitude "Ur by Halley in 1577, Mid tWSEllabsd hctwwrn that maj^iLlnilfl and Sod till 1514, when 
It btgan to H*a, rfAtbJng lot magnitude h» 1827* It tell to 2nd magnitude for about 5 yntra, tu mag. 0 In 1BS5, ontAEniog Higel, 
fadc4 aumewhat, and then, in 2345, beeacne mag. - I'D, about aa bright as <7u»u>!i-wa. tfrtvm Unit nnulntetti. it declined till it became 
Iqrialble to tbn naked eye almUL 3 MB-85, 7th mag. 1570. Since then it ha* Dot changed maeh in brigbLnes. It baa « peculiar ipeetniM 
with bright Ufiok Mid nbau[d, patrbapi, be cLaaeetl wEili tbs Noth, 











Interesting Objects. Maps It & t2* 

tB.A. XIV. Hr*, to XVIII. Hits. Dec, 00‘Jtf. to fiOSJ. 


Double Stars# 


Epoch 1950. 
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Not** 

little change. 

Relatively fixed. 

Gvmei a. close binary, Pmod 40 J jour*. 
f\jL slowly increasing.Probably a physical pair. 
Binary with very eccentric orbit P. iSQym 
f PtdeAemrm of Strove* Veltow and blue, 
l P.A. slowly inertsnaltig. T«t for 2 inch. 

Binary, P. 152 jn. dL increasing to 7' r *2 In 19112. 
Binary, P. 205 you*. Highly inclined orbit, 
No change since 1S.2S, [Clewing. 

Binary, Period about 230 years, at 109" d. 

= At 59. Relatively fixed. 

Binary. P, +2 yn. Widening to 1"*1 in 1950. 
beau til a 1 object Little change. 

Binary. Very long period, 

1G Dmconia, 5*0 nvag., &G"-4 distant. 

Binary of very long period. P.A. decreasing, 
v l and k iS . e*p.m. Fine object. 

Little change since 1S22„ 

Binary, Period 34 yearn, Widest 1954, 
Long period binary. Widening thace 1000. 
Orange and green; A is variable. Littl e change, 
An optical pair. Dietau ce d i min tailing. 

Very alow ineroAM of F~ti. 

P.A. slowly deenjaaing, 

Gold and blue. 

Very little change in either P.A. or distance. 
Teat for Scinch tcl^srop*. 

FA. decrying. 

P.A. decreasing. 7 J 3 mag. star 34" i/. 

Binary, 

Binary. Period 135 years, Ciaweat in 1945. 
Test for 6-Inch telescope. [tanca. 

Binary of very long period; slow change of dia- 
Orange and bine. Fixed optical pair. 

Binary. Period 224 years. 

Binary, P.44JyxH. T 2m*g-*t*rfit 7 ,J -* ( 1925. 
A luw a done romfif, mag. 6-5, at ff'-fi, 1927. 
Both A and B arc cJoaa doubles, 

No change lines 1822. 

Antare*. Hod and green. No certain change. 4 

Relatively fixed. 

Very near the nebula M.1 

Binary P.A. decreasing., distance increasing, 

Relatively fixed. Test for Sj-inoL 

Little relative motion. 

Test for 3-iweh telescope. 

















Interesting Objects. Maps 11 * 12 -conumwA 

iR.A- XiV. HU- to XVIIL Hrs- Die. 60"N. to 60 SM» 


Variable Stare. 


Epoch JB50. 
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Nebula and Clusters. (Haps u and 


6205, Ml3, Hercutia, 

16^39^-3, +36'33\ 

6310, 25N 

16^ 42* -4, +33'54 r . 

6341, am 

17*15^ +43-12'. 

6067, A360, NMe, 

9 “ 4, - 54* 5'. 

6373, H19 ± QptiucH 

16^69* -5, -SS'l® 1 , 

6404, M23, Sagitmril, 

17* 64* % -19* r. 

6093, MSSy Sooipii, 
5121, M4 

6406, M6 „ 

6476, MT 

6904, M5, Eerpeotia, 

Ifl' 1 -14™ 'I* -22'6r. 
16 * 20-*5, ^26 l 24\ 
17* 36“’7, -32* 10', 
17* 50“-7, -34' 4ff. 
15^ Ifin* o, + a* 16'. 


It and 11) (C*ltii*rtd Nm. *r* Am qfAt AftftJ 

The ' Great Cluster in Hercules'—* $m ad globular dual or of thousands 
of itars, jmt visible to the naked eye, about J, the distance from 
tf to f. Centrally fMolTeJ in fl-inah telescope. 

A a maH, bright, pliuiutnry nebuta, with a blutoh disc about S" in 
diameter, and aummcidod by a faint glow. *]> Cl Herculis, 

A very fine globular cluster, about S' in diameter, resembling" M13, 
but aDialkr and deter. It feme a tfi^ngla with w ant] ^ 

A largo rich cluster, 20' in diameter, com posed of stare u£ lOth-lCth 
magnitude. 

A fine globular daiter, 5' in diameter, Very low in the latitude 
of British Isles, 

Au open cluater, 47 r in diameter, with stars of 9th-13th mag. Fine 
low power hold, 

A bright a| id much condensed globular cluster, A mass of faint star*. 

Easily resolved duster of rather faint atari, 13* in diameter. 

A most beautiful open cluster of stars 'like a butterfly with open wings.* 

A brilliant open cluster ol bright atari, visible to the naked eye. 

A flue globular duster, IS' In diameter, composed of 11th-15th mag, 
stars, with much-compragred centra Closely np 5 Serpentia. 


* Jatdtti tni to fttmad by tha OrtAt from its KinJ]*rity t* tb* rudely Thfan (areet. Are*) su regard to (tolanr. ft i» a very luminous 
■rtpur.pant 1 «tar {SpMtrmn MO), with k liisnKtsr flf about Sr^CKHa^ati miles. Jti hbw, gnwn in emluar, h not usually inm susajiL wliaa 
aUWMphtfk condition! «■* iB.voufabla 

+ 11 iVfrtw AerWii, F«r mtgiuI y«wrt, umiMimw s» many a* nine, tbii ilar ramins nt iLi ms-oasl krlgtimeM nf *bmit Glh magnitude. 
Then it d«r*afi» rapidly by reTinil fMgftltodm to a minimum uiaguitudfl of 12&, After a ihcrt lime, or after tevtnl $mtm, durlug which 
mhiOF fluotuAtionP nceur, it Ham »g*m to It* editha! Mgh Unsu. 

* T Cbrwwr Aarrsit* lbs ' ELua Slar,' la >Uy ISA* thii «ta? rose vudilsoly fruii 9'$ to 2nd ttUigtrikttd#. Nine ,f*yi later EL Iwcacoo 

tmriaibiR lu iho *ju! afiar n IrW wetlu it foil to tba &th amplitude, ft iwin&d I* "Lb magnitude aill! then dcvrnwd to B'E 

■.oil after being inv*hi* to iba uubed ay# for nearly 60 y«™, Et pm to Bfd mag. an F#b. but again faded rapidly. 











Interesting Objects, Maps 13 & 14, 

3CVIH. Has. to XXII. Hitt Ota 0Q - ^ + to 6O 0J, 


Double Stars. 


Epoch HiBQ, 
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Te^t for 3’inch telescope. 

Relatively fWed. 

Optic*! pair. Test for Slnch telescope, 

C wi boat leeti with high power. 

Light-irat for Scinch fcetiBoop*. 

Ltttie change, Teat for 3 Inch teWopa. 

Naked eye pair, a 1 , 9 mag, «nw m 45", 

B Ifl * drag double. Test far 6-inch. 
Heintivelj fired. 

Diitunee and ?,/, slowly decreasing, 
Rnlalirely fired t-p.m. 

Teat for 4-inoh, P.A. glowly decreasing, 

Binary, period about 300 years. 

Relatively £i«|. 

Uinary, period about 130 yearn, Teat for 2 in. 

Beautiful field c.jp.wi. 

Tel low and blui Grand contraat. 
e.p.m. 

Long period binary, 321 years. Teat for idn. 

Slow tictnjfiflt of P.A. and distance. 

Test for 3-inch telescope. 

Yellow and hlun. 

In the branching nebula £960. 

Teat for Scinch teleacope. 

Distance increasing from 16", 1780.* 

Binary, period 49 yean. 

Yellow and emerald. 

Triple itar. 

Triple. A + B form a dense binary. P. f 01 jm. 

Two faint -fiOTnitet. 

Decreasing I' d. 

F.A , decreasing, distance LncrE&gtng. 

Feya. An optical pair. Dintmee imcrraeing. 
t The "Doable-double." i J and ri are ec 208“ 
1 distance; each £e a binary. 

Relatively died 

Throe other amall pair® in a low power field. 

Binary, P 88 yn. Widflitfl" T 7 t 1033. CEoaiug. 
EdatUely filed. 

A ii an extremely oltwo binary, /*. 1 ] -4 years, 

P.A. increasing* 

Relatively fixed. 

Teat for 2^-inch telescope. 

Pita pair, cyj.m. 



























Interesting Objects. 

(R.A. XVIII. HR* TO XXIL I 


MAPS 13 & 14“ Cantlnuiyff, 

ft* Oto. 60 N. TO 6 O fc.>. 


Variable Stars. 


I»DH 1060. 



R.A. 

Dm. 

Var.of on tf. 

Sped thee 

Period 

IMH 

H Aquila 

lOt ^.Q 

+ 6* ft r 

5 6-12i> 

Mr 

310 days 

Long period variable. 

v 

19 26 6 

- 7 9 

6 2-6 9 

GO 

793 

Cepheid type. 

V H 

L9 50 0 

+ 0 63 

3 7-4-5 

GO 

7'1ft „ 

■ « 

ft Cepbei 

21 419 

+ 68 33 

37-4 7 

Ml 

... 

Irregular variable. 

SU Cygni 

19 42 ft 

+ 29 8 

6 2-74? 

F5 

3-8 days 

Short period Vnri&hl*. 

X i. 

19 46 6 

+ 32 4ft 

4-2-13? 

Mep 

40® , i 

Ijong period. Mim type. 

x * 

90 416 

+ 35 25 

5-9-79 

F6p 

16-4 

bhort period variable. 

W 1( 

21 34 1 

+ 45 9 

5 06-7 

M3 

132 w 

Loug period variable. 

Lyne 

IS 482 

+ 33 18 

3-4 ■ 4-1 

B2p 

12 91 , P 

The typical Lyrid varisble.t 

a 

IS 63 9 

+ 43 53 

40-4-7 

313 

464 „ 

Irregular variabla 

S Sigiitae 

19 BAS 

+ 16 30 

5 4-6-1 

ao 

e-aa „ 

Cepheid type. 

W Sagittarii 

IB 18 

— 2ft 35 

4 8-58 

Ffi 

75® h 

ir o 

? 

18 18 p 6 

- 18 33 

B+-6 5 

GO 

B “77 rt 

i* ti 

R Send 

18 449 

- 5 46 

4 7-7'B 

<J5p 

... 

Irregular variable. 

T Vuipecul* 

20 49-3 

+ 28 3 

5 2-64 

F8 

4-44 days 

Cepheid type. 


Nebula? and Clusters. (Maps 

7009, H.IV 1, AguriJ, 2l h 


7089, M2 


91*30*9*- r 4 \ 


7092* M 39, Cjgfli, S1* so* 5, + 48’ 13'. 
6 720, it&7, Lyre, 1B* 52* -0, + 32’ 53“. 


6672, 2ft. Ophinchi, IS*10* % + ft’BO*. 

707s,mib, p****, ai'Ji*+irsr* 

6523* MS, Sagiuarii, ie b 0" 6, - 24* 23', 

&sie, M17 „ ieMs* o t -ift*ia\ 

6656, M22 lS*33*-3-23“Br. 

6705. MU. Seotl, 1SMS^ 3 t - 6‘ 2F. 
G853 f M27, VuLpeculie, 19 h 07“ 4, +22-36'. 


13 and 14} f FrirUmd Hot. art tA«* t/ tftt 

The 'Saturn Nebula 1 A very bright, bluish, planetary nebula, 
25" w IT". The thin my a or ansoe we imb with large teleseopos 
only* PreecdM x, 

A globular cluster shout 7' in diameter. A lino object in large 
telescopes. 

A large, open cluster of bright eUrm, well icon with low powers. 

The ‘Ring Nebula. 1 ^ thn distance from fi towards y, An oval, 
planetary, SO" * 60", which beam magnifying weJL A faint star 
/is wen in a 4-inch. The fainter central alar is visible in large 
instruments only. 

A small, hut extremely bright, elliptical planetary nebula, T f in dia- 
meter, of a bluish colour, It is, perhaps, the 3Tightest of its hind, 

A grand, bright, condensed globular cluster, 8' in diameter, blazing 
iu the centre. 

The * lagoon Nebula, 'visible to the naked eye. An ill-defined nebulosity 
with dark patches and stars, followed by an irregular open cluster. 

Tba 'Omega 1 (ft) or 1 Horseshoe k Nebula, A bright and large nebula, 
in shape someth ing lib® a figure 2. with a long, bright bottom 
streak. 

A large, bright, globular cluster, about IS 1 in diameter, between ft 
and c. The larger stars are ruddy. 

A grand, fan-shaped cluster, with bright star at apex. Dark 
structures to the south. 

The ‘Dumb-bell Nebula,' An ellipse with faintly luminous notches. 
Seven stare—probably unoonuuc tod—are visible in a 10-iuah 
instrument, 


* Cl Qt/gni. The ftnt sLar bo hi V* it* pwfaHai Jalenatucd, by IkawJ m 1MS. Tho two #t»n probably form a long period blow; 
list* they have Lhe mmo parallax, *ttd tLe path of !i relative to A i* eligblJr w«H*v«* 

t ft Lyra. The typical 'LjrwT or 'BrjgliL-edipaing:" Tariahln, It Iim two uq equal nqipimn fmuga, a’8 wnd Vi ), eeporaled bj two 
equal nsiwitna Icuitf, «4). The variations of Sight are dun La die mutual mUpM aT two unequally bright Klara, Tory cLuaa tugethw, ud 
eUipiuLiltl ill ihapa m Lbe nsault of ddd dlatarthw, Ftned 12*1 days, 













Interesting Objects. Maps 15 & 16. ra. or -a# 

(Circumpolar, South), 


Double Stars. 



Epoch 

RA, 

1060. 

Ike. 

Hag*. 

P.A, 

iitiE, 

Date 

1266 A podia 

11HS-1 

- 73* 0 P 

57, B-5 

W: 

r-® 

IMS 

L7507 T , 

18 

63 

-73 41 

5 S t 9 6 

24 r\ 

TO 

ISSfi 

0 Cojinai 

8 

MS 

-62 45 

6*3, fl-0 

64*5 

3"*8 

1917 

biise „ 

S 

36-3 

-60 9 

6 4, 7*1 

213" 1 

r*6 

1934 

U846 ri 

9 

17U 

-74 41 

5*4, H>6 

6 0, 9*4 

343* = 

7" J 0 

192C 

h42l3 

9 

24 3 

-fit 44 

327*| 

S N *8 

1&I7 

V II 

9 

45*9 

-fi4 50 

32, e-o 

128*; 

5"0 


h430fi „ 

10 

17 B 

-64 25 

7-0, 7U 

135* i 

3" 3 

1018 

h4383 *, 

10 

52-0 

- 70 27 

6 6, 7 3 

285- E 

r-e 

1917 

R154 

10 

67 3 

-61 3 

6 4, 10*2 

79* 

3"'9 

18S7 

Cor 33 Centaort 

14 

11 4 

-61 28 

6*7, 8*7 

1 CO- 

3"*0 

tfiio 

a n 

14 

36 -fi 

-60 38 

0 3. 17 

310- 

4-1 

198S 

{ Cbunselecmti* 

10 

4B 2 

-80 12 

fi l t 6-4 

68 *: 

0"-5 

IM8 

4 .1 

11 

67 0 

-77 67 

5 4, fl*3 

183V 

r-i 

192S 

a Cfndid 

14 

38'6 

-64 45 

3‘4 t 8*8 

235* ; 

15**8 

1M5 

a Cnjcii 

13 

23 7 

— 62 49 

14, 1*9 
47. 7 8 

119*! 

4"-7 

1 M0 

t t, 

12 

42-7 

-60 42 

27*; 

26" *4 

1 

h35ti& Hydri 

3 

9 0 

-79 11 

,5*7, 7 7 

224*^ 

IB' 1 4 

1919 

h4432 Muso® 

11 

21-4 

— 64 40 

1 5*7, 6*5 

300*: 

! 9 V 5 

1818 

Lmo ,» 

n 

49*4 

-64 56 

5 £, 7 S 

139* 

r« 

1615 

h449fi „ 

12 

38 

-65 26 

fi*2, 7 9 

er 

8 "'T 

1018 

fi 

12 

43-3 

-67 49 

3’D S 4 2 

4* 

r 3 

1034 

8 

13 

4*9 

-65 2 

5 8, S O 

186* 

B*'7 

;in33 

b 481.1 Nonuse 

IS 

61*3 

-60 % 

61* 98 

99* 

S'S 

1997 

R38 Octuntii 

3 

5QO 

-86 26 

6'7, 6*2 

246' 

r-i 

1014 

k 

21 

43*6 

-S3 57 

5 5, 7*7 

69* 

rt 

; 11*30 

£ Paronia 

IS 

IS 6 

-fit 31 

4*3* 6T 

154* 

r-o 

1036 

R314 

18 

43 6 

-73 3 

6*3* 8 7 

269* 

2"*Q 

1913 

L8E50 „ 

20 

47-5 

-62 37 

5 8, 5 8 

93* 

2''*7 

1920 

LS825 u 

21 

40 

~73 23 

5 '8| 6 *1 

1136* 

ri 

fl*01 

Jfi Pktoris 

6 

37-5 

-fil m 

6 4* 8*5 

269' 

TO 

1935 

9 Ritittsli 

•t 

IT 1 

-63 23 

6 2, 8*0 

4' 

4" 5 

1617 

J.S67D „ 

4 

3S4 

-62 5G 

5 9, 8 4 

99' 

$T'Q 

1617 

LC477TrtanffAttS. 

IS 

43’C 

-65 17 

64, 6*6 

151" 

T‘l 

imn 

h46Q9 „ 

15 

50’7 

-60 3G 

0 5. 8*3 

97* 

r-4 

153-4 

fi Tucjuue 

0 

29-3 

-63 14 

4 5, 4*6 

170* 

2H 

1016 

* i» 

X 

140 

-SO 9 

S I, 7*3 

346* 

5" 4 

1020 

h3425 

l 

16*3 

-66 40 

5 3, 9 3 

337* 

ri 

1930 

6 

23 

238 

-05 13 

4 8, 81 

382* 

r o 

: 1915 

1340 ,| 

22 

494) 

-03 27 

6*1, 91 

6' 

i"’i 

U927 

y Voknlis 

7 

9*2 

-70 25 

3*9, 5 6 

299" 

!3"*7 

has® 

h3997 „ 

7 

36 4 

-74 10 

7*2, 7 3 

nr 

T -o 

-1030 

( 

7 

42 3 

-12 29 

3*9, 0*0 

116“ 

16"-7 

non 

t Pl 

8 

7 8 

-68 28 

4 5, 8 0 

| 22’ 


1923 


STetM 

P-A, insrertjiiug. 

P.A. UicruaBing. 

Little change, if Any, 

P-A. and distance slowly decreasing, 

A it a close- double; distance 0''4, 1927- 

Relativnly fired, 

a.p.m. Relatively fixed. 

Little change. 

Little change, if any. 

Little change, if any. 

- Cor. 167 (Junes), 

Splendid binary, P r Myra., 2nd nearest star. 

Pj t, i UMftfl f. 

Slo wly inoresaing P.A. 

Yellow and red, c-p.m, PM slowly deoreasiog, 

Relatively flied. Teat for 1-inch. 

Decreasing P.A. 

RalfttiTflly fixed, 

P.A. increasing slowly 

Tattle change,. if any, 

P.A. increasing. 

Relatively fixed. 

Relatively fixed, 

No change since 1677. 

P-i. dodHMwiog, 

Little change. Colour contract, 

P.A. and distance incteaung. 

- Rmk 28, P.A. slowly ietrreMing, 

A doubled by June* 189& Not «e&, 19<HL 

ajMtt, 


Little change, if any. 

- Rmk 20. [«*. 

.gellor* 11. h e comites 9tb mag. at 43" and 

‘Superb Object 1 6th mag, iUr at 0" 2, 1925, 
Low power field includes 127, a dose binary, 
c.pjw. 

Relatively fi z ed. Colon r contrast. 

F.A. decreeing. 

No appreciable change, 

P A. slowly increasing. 

Relatively fixed. 

Little change. A is a spectroscopic binary. 




















Interesting Objects- Maps 15 at ie-c&fi«nue* 

fOlHQUMFOLAH, SOUTH J, 

Variable Stars. 

Epoch tflBO. 




ILA 

Dec. 

Vw, of mug. 

Spectrum 1 

Feriwl 

Note* 

e 

Apodi* 

U h 0™ 5 

-76' 33 J 

5 1 *66 

M3 

... 

Irregular Variable. 

R 

Csriesr 

9 310 

-62 34 

4 5*10-0 

Me 

309 days 

Long period variable. 

L 

■i 

9 43 9 

-62 17 

A6 ‘60 

GO 

35S H 

Cepheid typo. 

s 

i* 

10 7fi 

-61 19 

58- 90 

Me 

H9 ,. 

Long period variable, 

E 

DofttduS 

4 36 3 

-63 10 

5'7 * fl-8 

M3 

360 „ 

H t) 

R 

Must® 

12 39-0 

-69 B 

65*7*6 

G5 

0S8 „ 

i Short period variable. 

* 

Pavuais 

18 014 

“67 li 

4 0-3*5 

F5 i 

9*10 „ I 

| Cepheid typo. 


Nova. 

N 47 a Pnctorts, 1925. 6* 35*“ 2 - G2* 35'. 

Discovered by R. Watson, in Sou lb Africa, in the «*riy morning of May 25th t 1925. From its magnitude of 
23 on that date, it rote to mag, I 7 on May 26th, but by next day bad fallen to below 3rd mag. It then brightened 
again, reaching mag. Id an June 9th, fell to mag, 4 on July 4th, and tom again to mag. 1H on August 9th. From 
that brightness it foil, with minor fluctuations of light, till on Dec* 25th it iru about 6th mag. In 1935 it was 
about 9th roog., at which it had been for sumo years. In March, 1923* it was found to consult of two nebulous 
oonipouenu about IT'S distant from centre to centre. 

An examination of photographic plate*, that had been s alien before its discovery <ib a Nova, shewed that it 
had been of about 13th mag. (1911-1939), and had risen to 3rd mag. on April 13th, 1925. 

The position of the Nora is about 7* from the N.JE. edge of Nubecula Major and in Galactic Latitude - 25'. 


Nebulae and Clusters. (maps is and m 5W. tv M.g 

3&0S,A36&, Carina, 0 h 11™-0, -64*39 r . A large, rich, globular duster ol 13th to 15th mag, stars 1 like the 

finest dust./ 5 r In diameter, The centre in a blase of closely- 
packed stare, 

3T6G,A259, Centauri, ll h 33™ 9, - 61'2(7, A fine duster, visible in a binocular, containing at leant 200 stars of 

3th to Utcb magnitude. 


4?55,A30l,Cruds, 12 U D0« L -7, -50' 5'. Surrounding *, Crucia, a tine rod aUr. A brilliant and beautiful 

duster of over 100 stars of various colours ‘like a superb piece of 
jewellery. 1 

2070.A142, DoradOs, 5M9“'l,. -69* 9 r . Tb* ‘Great Looped Nebula’ round 30 Doradfis. A large and bright 

nebula, mctremrly complex in etrunture. It U risible to tbs 
naked eye in the larger Magellanic Cloud, or the Nubecula Major. 

6763, A295, PaveuU, IS)* 1 §“'4, -C0‘ 4\ A large, bright, globular cluster, 18'in diameter; stars from 11th to 

16th mag. 


5025, A304, Trtsnjf* An*, lb 1 * 59™ 4, - 80' 21*. A bright, open cluster oE stare from the 7th magnitude downwards. 

104, A1 A, Tucson, O 11 ^!" 1 9, -72*23', 47 Tucaiut A most glorious cluster of 12th to 14th magnitude and 

fainter atari, the central portion being much compressed. Visible 
to the naked eye as a bony 5th magnitude star near the Nubecula 
Minor. 


362, AG2, ,| 1* 0“ 7, -71' 6 J . A globular cluster, 10 r in diameter, of 1 3th to 14th magnitude stars, 

with a central blase nf cloudy-packed stare. It is just visible to 
the naked eye as a 6 th magnitude star. 








<Gj1actlc LonglUwf* O' to tKJ'; Garndic Ulihjrfe BffN. Ip SO" 5 .] Map 17 
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INDEX TO THE CONSTELLATIONS. 


With the number of the Map in mhieh each it *Wf? p and the approximate date of culmination 
a point on its central, hour of Right Attention at & pM. and Midnight. 


For Mfh Hour earlier or later than 9 p.m. or midnight— 
Ratiitr —Add 15 dayi to date* gireu below. 

Later —Subtract Id days from „ tl 


For each Week earlier or later than dates below— 
Earlier^ Add 28 m inn tee to 9 pro, or midnight 
Later —Subtract 9i tram u „ 


SlBl* flf 

Oulttn 

Pw Mui 

Wu. 

IppCTt, Dili 
CulBl IniitMMI 

Awnt DaW 
CultnkMitLftD 

H UtlnigTit 

Ni(t>, rf 
CpftfttaUithn 

Omlttn 

B-lbp 

Ha 

Aw™!. Li** 
Okiiiiitua 

t r «. 

scar. 

Ebdelitt 

Andromeda 

AndnunediB 

3 

Not, 23 

Oct. 9 

Indus* .« 

Ib41 

14, 15 

Sept, 26 

Aug, 12 

Antua* .« 

Autlia 

& 10 

Apr. 10 

Feb, 24 

Lacebta 1 

... lAuwrti* 

3 

Oet, 13 

Aug. 28 

AfUB* 

... A[kkIL* 

16 

July .B 

May 21 

Leo 

... LmclLi 

7,fl 

Apr. 13 

Mar, I 

Aquariub 

AquvLi 

4, 11 

Oet. 9 

Aug. 25 

1 Leo Minos* 

Ltmii Mintri 

9 

Apr. 9 

Feb. 23 

AqUILA w 

... AquIL* 

13, 14 

Aug. 30 

July 16 

tarot 

... Utpatit 

6 

Jan. 26 

Dee, 14 

Ana 

... An 

12, 16 

July 25 

Jane 10 

Lnuu »*» 

H . Ubrw 

12 

June 23 

May 9 

A BOO* (Bee Caeina, Vela. 

S, 10 t 



L DPtfa 

„. Lupi 

12 

June 29 

May 9 

and Ftt'pjfi) 

19 



Lyre* *** 

u. LyurA 

1,7 

Mar. 6 

Jan. 10 

Anxite 

... Arirtii 

5 

Dee. 14 

Oct SO 

Lyra 

... Jjjtm 

13 

Ang, IS 

July 4 

Auriga ... 

.... Auriga 

fi. 7 

Feb. 4 

Dee. 9J 

Min*a* ... 

... Men» 

15, 16 

Jan. 2£ 

Dee. 14 

Bootes ... 

... B.jotl* 

11 

June 19 

May 2 

MiCROSCOPrUE 1 Kkrn«uf<ii 

14 

Sept. 18 

Aug. i 

Oaeldk’ ... 

C*1J 

S 

Jan. 15 

Dee. 1 

Monoceetm* 

UoDOCiTOtil 

7* S 

Feb, 19 

Jan, 5 

Cam el orAnOUe fCuamloperda 

1. 2 

Feb. 9 

Deo 23 

MtJBCA* 

UUASB 

16 

May 14 

j Mar. 30 

Cancer ... 

... (kid 

7 

Mar. 1C 

Jan. 30 

Norma* ... 

v., 

12 

JuIt 3 

i May 19 

Canes Ven atici ’ 

9 

May 22 

Apr. 7 j 

OoTAlffB,* ... 

M ,Odjuitia 

15,16 

CLi-enm Tvtlar 

Cants Major 

C#tl4* liAjtlriiB 

8 

FeU 16 

Jan. 3 

Opimrttttxi 

OpWRsM 

11.12 

July 26 

Jane 11 

Canib Mince 

Ounii Miunri" 

7 

Feb. 28 

Jon. 14 

Oeioit 

«, Ontnii 

5, 6 

Jan, 37 

Dkl IS 

Ca-pricohnuh 

Capricorn 

14 

Sept, 22 

Aug, 6 

Pa to * 

... Pawel* 

15 

Aug. 39 

July 15 

Carina* ... 

... Caries 

8, 16 

Mar. 17 

Jan. 31 

Pegabcs ... 

... Pegui 

3 

Oot, is 

6spt 1 

Casmonkia 

CmimpoU* 

2 3 

Wot, 23 

Oct, 9 

Pans Kirs M 

Fermi 

5 

Dee. 23 

Nut, 7 

Cbhtaueub 

...Centaur! 

10,10 

May 14 

Mar. 30 

Phoenii* 

PbuiDid* 

4 

Not. 18 

Oet, 4 

Cephscs ... 

*„ Copfrtl 

2 

Not. J3 

Sept, 29 

Fictor' ... 

... FieEorii 

6, 16 

Jan, 30 

D«. 16 

C&TD6 

... <kti 

4,5 

Not. 29 

Get. 15 

F [HUES ... 

, Puduni 

% 

Not. 11 

Sept. 27 

CcAMAttE-EOM 1 CharikBil r-r. nLil 

16 

Apr, IB 

Mar. 1 

Paacia AtnrrarRua F ^ lrin j 

4 

Cet, 9 

Aug. 25 

Circiwus* 

... Cbtlnl 

16 

June U 

Apr. SO 

PtJPPIB* ... 

... Flapptl 

8 

Feb. 22 

Jan. 8 

CoLUHPA* 

CqltUHba 

6 

Feb, 1 

Dee. IS 

PvKia' ... 

... 

8 

Mar, 31 

Feb, 4 

Coma Berenices* 

0 

May 17 

Apr. 3 

Reticulum* 

... EUueult 

tfi 

Jan. & 

Not. 19 

Corona Aubtilllih 0 S^i 1i 

14 

Ang, 14 

June 30 

Saoitta ... 

... B* R i Urn 

13 

Ang. 30 

July 16 

Corona Borealt* c *£^ 1Ji 

11 

July 3 

May 19 

SAdtTTAEIUa 

fikpttwrii 

14 

Ang. 21 

July 7 

Co i itu a ... 

... Can* 

to 

May 12 

Mar. 38 

Sconnui 

... Gearplt 

12 

July IS 

June 3 

Crater ... 

... Crutww 

10 

Apr, 29 

Mar, 12 

&DUI.PT0E* 

Se«]pt(iria 

4 

Not. 10 

Sept, 29 

Cede* 

... Crude 

16 

May 13 

Mar. 2S 

SnuTUM* ... 

... Seuti 

14 

Aug, 15 

July J 

CYunui ... 

... CjRHl 

13 

Sepk 13 

July 30 

gEEPERi ... 

Sarpcntt* 

11 

July 31 

June 6 

Delphtnub 

...DelphloL 

13 

Sept, U 

July 31 

Suet ars * 


9. 16 

Apr, 5 

Feb 32 

DORADO* ... 

...DudkIui 

15, 16 

Jan, 31 

Dee. 17 

Taurus ... 

... Tsuri 

5 

Jan. 14 

Nut. 30 

Draco 

...^TKtXDiB 

1,2 

July 8 

May 24 

Tei-ebcopium r 

Tcln»oqpii 

14 

Aug. 34 

July 10 

Equuleih 

... K^cmteL 

13 

Sept 22 

Aug. 8 

Thianoui.um 

Trinfipruii 

3 

Dm. 7 

Oct, 23 

Eriiianus... 

... Eriitani 

6 

Dee, 25 

Nov, 10 

Tll/mru tl!U 1 
^ntiULt f r 

TVlilSfllU 

*LLrtr*J |, 

16 

July T 

May 23 

FtUtSAi* ... 

...Fortwefc 

6 

Dee, 17 

Not* 2 

Tucaka* ... 

■ .. Tunaii 

15 

Nov. 1 

Sept. 17 

Gemini ... 

{Usminamm. 

7 

Feb. 19 

Jan. B 

Ursa Major 

t/ria JJujciri* 

1,9 

Apr* 3d 

Mar. 11 

Gnus l 1 

... Gruir 

4 

Oct, 12 

Aug. 2d 

Ursa Minod 

Um Mluari* 

1 

Jane 27 

May 13 

H P.ft(TULKS 

...BereuUe 

11 

July 23 

June IS 

Vela* ... 

VpUirtitxi 

8, 10 

Mar. SO 

Feb. 13 

HonoLoaniMf 

tt<3ra]ay| , ii 

6. 15 

Dee, 25 

Not, 10 

VlKOO ... 

... Vlrgjnh 

0, 10 

May 26 

Apr. 11 

Hydra ... * 

... H r dr» 

8 , 10 

Apr. 29 

Mar. 15 

Vo LANS* ... 

... Vfllantifc 

16 

Mar. 4 

Jan, 16 

HtDEUA* ... 

... HjArL 

15 

Dec, 10 

Out. 25 

VULfJkIUIi A * 

VulpeeuE(n 

13 

SepL 8 

July 25 


* Tlio inelMit. MMiellatloei of Aaao Hath jj now JItME^I Ente th* Hietate HJiintflUatroiu &f Oinpt*. Vela, undl Yvrrm, tut otic 
IcqEiOQQq a i (JpwJ lotted ii wt*<] In 111 IlirNi HiUMtellltltitiH, CAKEcteratLllDB !■ grim, U n^uin.n niv u.ic [n th* I.A.0 I Lit, 
t Gorafeilkflwii ■(■ mjirfcwi hurt Lwo idiiivE iln#* the tittw rf Ptottimj La bout a. d_ im). 
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SOUTHERN INDEX MAP 
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